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Abstract 
The increased consuming of milk fermented products in the last years led to the raising of new 
trademarks. In fact functional and probiotic foods are at this moment widely diffused too. The aim 
of the thesis was to evaluate the microbial quality of commercial yoghurts and non-pharmacological 
probiotic products. It was examined 24 samples of yogurts and 8 samples of probiotic milk 
products.  Investigated was the load of microbial population of each product as well as the viability 
of the cells. Most of milk products contained viable counts corresponded to minimum required level 
of 1x107 cfu/ml. However, there were found products which did not contain viable bacteria or 
contained only its fewer amounts. This holds mainly for some conventional yogurts. Probiotic milk 
products basically showed larger amount of enumerated bacteria then yogurts as they are required to 
contain minimum of 1x106cfu/ml of specific microorganisms others than normal starter cultures. 
The isolates from fermented milk products were identified to belong to species Streptococcus 
thermophilus and Lactobacillus spp. The isolates were then strain-typed by RAPD using three 
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Zvýšená konzumace fermentovaných mléčných výrobků v posledních letech vede k zavádění 
nových výrobků na trh. Funkční a probiotické produkty jsou v dnešní době také hojně rozšířeny. 
Cílem diplomové práce bylo posoudit mikrobiální kvalitu komerčních jogurtů a 
nefarmakologických probiotických výrobků. Bylo zkoumáno 24 vzorků jogurtů a 8 vzorků 
probiotických mléčných výrobků. Pozornornost byla zaměřena zvláště na kvantifikaci 
mikroorganismů v jednotlivých výrobcích a na sledování viability buněk. Většina mléčných 
produktů obsahovala počty odpovídající minimální požadované hodnotě 1x107cfu/ml. Nicméně 
byly objeveny produkty, které neobsahovaly živé bakterie nebo obsahovaly jen jejich menší 
množství. To platí zejména pro běžné jogurty. Probiotické mléčné výrobky v zásadě obsahovaly 
větší množství bakterií než jogurty, protože je u nich navíc požadováno 1x106cfu/ml  minimálního 
množství specifických bakterií jiných než jogurtových startovacích kultur. Isoláty z fermentovaných 
mléčných výrobků byly identifikovány jako Streptococcus thermophilus and Lactobacillus spp. 
Isoláty byly poté rozlišeny na jednotlivé kmeny pomocí RAPD použitím tří různých primerů. Byla 
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1  Introduction 
1.1 Fermented foods 
Fermented foods have been around for a very long time. During fermentation, raw materials are 
converted to food products (by bacteria, yeast and moulds). In a natural fermentation the conditions 
are set such that the desired microorganisms grow preferentially and produce metabolic by-products 
which give the unique characteristics to the food. In many cases fermentation contributes to the 
digestibility and nutritional value of the final product. Bacteria break down the carbohydrates, fats 
and proteins and help food to have a longer shelf-life (Board et al., 1995). In a controlled 
fermentation the fermentative microorganisms are isolated, characterized and then maintained for 
further use and termed a starter culture. Starter cultures are added to the raw materials in large 
numbers and incubated under optimal conditions. In common controlled-fermented products such as 
sauerkraut and yogurt lactic acid is produced by the starter culture bacteria to prevent the growth of 
undesirable microorganisms in the non-sterile raw materials and these culture bacteria helps to 
make the products shelf-stable (Yali, 1996, Zulu et al., 1997).   
Fermentation is an effective method of food preservation. The preservative effect of lactic acid 
bacteria (LAB) during the manufacture and subsequent storage of fermented foods is mainly due to 
the acidic conditions that they create converting carbohydrates to organic acids (lactic and acetic 
acids) in the food during their development (Hiromi et al., 1997). The process of fermentation by 
LAB is capable of lowering the pH to below 4 in food products. LAB have been used traditionally 
for the fermentation of foods and beverages because of their contributions to flavour and aroma 
development and to spoilage retardation. 
According to the Steinkrause (1995), the traditional fermentation of foods serves several functions: 
¾ Enrichment of the diet through development of a diversity of flavours, aromas and textures 
in food substrates 
¾ Preservation of substantial amounts of foods through lactic acid, alcohols, acetic acids and 
alkaline fermentations 
¾ Biologically enrichment of food substrates with protein, essential amino acids, essential 
fatty acids and vitamins 
¾ Detoxification during food fermentation processing 
¾ A decrease in cooking time and fuel requirements 
Fermented foods including milk and dairy products have played important roles in the diet of 
humans worldwide for thousands of years. Since the mid-1950s there has been increasing 
knowledge of the benefits of certain microorganisms (e.g. lactic acid bacteria and probiotic gut 
flora) and their impact on human biological processes and at the same time of the identity of certain 
dairy or non-dairy components of fermented milks and their role in human health and body function 








1.2 Lactic acid bacteria and fermentation 
1.2.1 Characterization of probiotic foods 
A beneficial association of microorganisms on the human host was probably first suggested by 
Döderlein, who proposed that vaginal bacteria produced lactic acid from sugars to prevent or inhibit 
the growth of pathogenic bacteria. Such lactic acid bacteria (LAB) were also found in association 
with fermented milk products and were advocated for their health benefits by Metchnikoff in 1908 
(Hughes and Hoover, 1991). He considered the longevity of white men to be related to their high 
intake of fermented milk products. However, in contrast with present-day interpretations, 
Metchnikoff suggested that gut microbes were detrimental rather than beneficial to human health, 
although he admitted that the substitution of gut microbes by yogurt bacteria may be beneficial. In 
this context, LAB and their major metabolite of sugar fermentation, i.e., lactic acid, were especially 
promoted by Metchnikoff. Early taxonomic and gut (fecal) ecology studies on LAB were conducted 
by Moro in 1900, and by Beijerinck and Cahn in 1901 (Holzapfel et al., 1998). 
Originally defined as “...microorganisms promoting the growth of other microorganisms”, 
probiotics, according to present-day interpretation, refers to viable microorganisms that promote or 
support a beneficial balance of the autochthonous microbial population of the gastrointestinal tract 
(GIT). Such microorganisms may not necessarily be constant inhabitants of the GIT, but they should 
have a “...beneficial effect on the general and health status of man and animal”. In recent years, 
probiotics have been defined more precisely as “living microorganisms that, upon ingestion in 
certain numbers, exert health benefits to the host beyond inherent basic nutrition” (
)
Guarner and 
Schaafsma, 1998 .  In relation to food, probiotics are considered as “viable preparations in foods or 
dietary supplements to improve the health of humans and animals” (Salminen, 1999). According to 
these definitions an impressive number of microbial species and genera are considered as probiotics. 
1.2.1.1 Consummation of probiotics has many healthy contributions 
 Establishment or restoration of health gut microflora which could be disturbed by utilization 
of antibiotics, hormones or improper acid-forming diet and chemical compounds 
 Improvement of immunity of  gut against pathogenic microorganisms evocatoring diarrhoea 
 Reduction of cholesterol’s level  (especially LDL cholesterol) 
 Reduction of  bacterial-enzymes’ production in colon which have mutagenic effects and can 
provoke growth of tumour 
 Modulation of intolerance toward lactose by the people with lactose intolerance 
 Reinforcement of immunity system 
 Improvement of calcium-absorption 
 Synthesis of some vitamins (K, B) 
According to these definitions an impressive number of microbial species and genera are considered 






Table 1 Microorganisms considered as probiotics (Holzapfel, 1998) 
Lactobacillus species Bifidobacterium 
species 
Other lactic acid 
bacteria 
Nonlactic acid bacteria 
and yeast 
 
L. acidophilus B. adolescentis Enterococcus faecalis Bacillus cereus var. toyoi 
L. amylovorus B. animalis Enterococcus faecium 
Escherichia coli strain 
Nissle 
L. casei B. bifidum Lactococcus lactis 
Propionibacterium 
freudenreichii 





L. delbrueckii subsp. 
bulgaricus B. infantis 
Pediococcus 
acidilactici Saccharomyces boulardii 
L. gallinarum B. lactis 
Sporolactobacillus 
inulinus  







L. johnsonii    
 
 
1.2.2 Selection of strains 
It is generally considered that probiotic bacteria must possess certain properties and it is important 
that the viability of the strain and stability of its desirable characteristics are maintained during 
commercial production as well as in the final product. Not follow that all bacterial strains or species 
within a genetically related group are probiotics just because health-promoting activity has been 
identified for one strain or species. Several criteria for the appropriate use of probiotics and 
prebiotics exist and may be summarised as follows. 
Key properties used by many authors for selection of suitable strains: concern origin, identification 
and genetic stability, technical aspects, physiological aspects and functional aspects 
• Technical aspects:  
- growth properties in vitro and during food processing  




Goktepe and col. (2006) show following individual aspectswhich reflect propriety or impropriety of 
chosen strain as probiotic: 
• Main physiological aspects are: 
- resistance to inauspicious conditions (low pH about 2,5) 
- resistance to presence of digestive juice 
- transit from stomach to duodenum 
- resistance to bile acids in pancreas 
• Functional aspects and beneficial effects are: 
- ability to adhere to intestinal epithelium 
- potential to bound to intestinal mucosa 
- competition ability 
- antagonistic activity to intestinal pathogens 
- stimulation of immunity answer of host 
- selective stimulation of autochthon bacteria 
- restoration of natural microflora 
• Points of security: 
- cannot be invasive 
- shall not be resistant to antibiotics 
- no virulence 
- non toxic  
- no adverse host response to the bacterium, its components or metabolic end-products 
1.2.3 LAB as probiotics 
Lactic acid bacteria (LAB) are among the most important probiotic microorganisms typically 
associated with the human gastrointestinal tract and used in animal feeds and human foods. LAB 
constitute an integral part of the healthy gastrointestinal microecology and are involved in the host 
metabolism (Fernandes et al., 1987). Fermentation has been specified as a mechanism of probiotics 
(Gibson and Fuller, 2000; Metchnikoff, 1908). LAB along with other gut microbiota ferment 
various substrates like lactose, biogenic amines and allergenic compounds into short chain fatty 
acids and other organic acids and gases (Gibson and Fuller, 2000, Jay, 2000). LAB synthesize 
enzymes, vitamines, antioxidants and bacteriocins (Fernandes et al.1987). With these properties, 
intestinal LAB constitute an important mechanism for the metabolism and detoxification of foreign 
substances entering the body (Salminen, 1990). The health–promoting effects of LAB are strain 
specific and result in different mechanisms to produce beneficial health impacts. 
They play an important role in food fermentation processes (Wood 1997). They are very useful in 
the food industry not only because of their ability to acidify and hence preserve foods from spoilage 
but also for their involvement in the texture, flavour and aroma development of the fermented food 
products. A recent trend is the production and application of targeted starter cultures that posses at 
least one inherent functional property that contributes to the organoleptical, technological, 
nutritional or health properties of the fermented food.  
1.3 Characterization of lactic acid bacteria 
LAB are gram-positive bacteria, non-sporulating rod or coccus shaped (Fig. 1 and 2); catalase-
negative organisms that are devoid of cytochromes and of nonaerobic habit but are aerotolerant, 
fastidious and acid-tolerant. The cells are immovable. Optimal growth temperature ranges from 37 
to 42 °C. They ferment carbohydrates into energy and lactic acid (Jay 2000). Lactic acid is the 
major product during sugar fermentation. In addition LAB produce small organic compounds that 
give the aroma and flavour to the fermented product (Caplice and Flitzgerald, 1999). They produce 
a mixture of lactic acid, carbon dioxide, acetic acid and/ or ethanol (heterofermentation) or almost 
entirely lactic acid (homofermentation) as the major metabolic end-product (Rogosa et al., 1974; 
Collins et al., 1984; Jay, 1986; Kandler et al., 1986; Schilinger et al., 1987; Campbell et al, 1996).                     
                           
Figure 1 Streptoccocus thermophilus                          Figure 2 Lactobacillus bulgaricus 
(©INRA /Micheline Rousseau                                                       www.magma.ca 
réf : PCD0668-IMG0088) 
Kluyver divided LAB into two groups based on the end product of glucose metabolism. Those that 
produce lactic acid as the only product of glucose fermentation are designed homofermentative. The 
homofermentative pattern is observed when glucose is metabolised but not necessarily when 
pentose sugars are metabolized, for some, homolactics produce acetic and lactic acids when 
utilizing pentose. Also the homofermentative character of homolactics may be shifted for some 
strains by altering cultural conditions such as glucose concentration, pH and nutrient limitation. The 
homolactics are able to extract twice as much energy from a given quantity of glucose as are the 
heterolactics. Those lactics that produce equal molar amounts of lactate, carbon dioxide and ethanol 
from hexoses are designated heterofermentative. All members of genera Pediococcus, 
Streptococcus, Lactococcus and Vagococcus are homofermenters along with some of the 
Lactobacilli while all Leuconostoc spp. as well as some Lactobacilli are heterofermenters. The 
heterolactics are more important than the homolactics in producing flavour and aroma components 
such as acetaldehyde and diacetyl (Sharpe et al., 1979; Jay, 1986; Schillinger et al., 1987). 
The end products of homo and heterofermenters may differ when glucose is converted and these 
form basic genetic and physiological differences. The homolactics posses the enzyme aldolase and 
hexose isomerases but lack a phosphoketolase. They use the Embden-Meyerhof-Parnas (EMP) 
pathway for the production of 2 lactates/glucose molecules. The heterolactics, on the other hand, 







pathway for glucose degradation these organisms use the hexose monophosphate or pentose 
pathway (Jay, 1992). 
LAB are typically fastidious and require a variety of amino acids, B vitamins, purine and 
pyrimidine bases for growth. In many environments LAB obtain these amino acids through 
proteolytic activity are weakly proteolytic. 
LAB can be grown and enumerated on agar plates as long as the agar plates are incubated in an 
oxygen poor environment. Most LAB grow on MRS or M17 (+lactose) agar and form snow white 
colonies on these media (Theron, 1999). 
1.3.1.1 Main functions of LAB can be summarised as follows: 
• Technological: starter cultures with substrate fermenting ability and giving the food a typical 
character. 
• Protective: increasing shelf-life of food products and improving their safety. 
• Probiotic: improving the quality of life of humans and animals. 
1.3.2 Taxonomy of the lactic acid bacteria 
Orla-Jensen (1919) classified lactic acid bacteria into six genera based on sugar fermentation and 
growth at specific temperatures. This group is composed at least eight genera (Sneath et al., 1986). 
The traditional genera of Lactobacillus, Leuconostoc, Pediococcus and Streptococcus have been 
expanded to include Carnobacterium, Enterococcus, Lactococcus and Vagococcus (Jay, 1992). The 
Carnobacteria were once classified as Lactobacilli and other three genera (Enterococcus, 
Lactococcus, Vagococcus) comprised a genus formerly classified as Streptococcus. The species 
once classified as L. hordine and L. xylosus have been transferred to the genus Lactococcus. S. 
thermophilus which is important in food was imported in the latter group. The work of Orla-Jensen 
(1919) resulted in the division of four genera namely Lactobacillus (rod-shaped), Streptococcus 
(homofermentative), facultative anaerobic cocci, Betacoccus and Tetracoccus, remains influential 
(Campbell et al., 1996). The importance of the LAB rests on their ability to form lactic and other 
acids from carbohydrates. This lactic fermentation is by definition more or lesscharacteristic of the 
LAB of which the most common and important genera are the Streptococcus, Pediococcus, 
Leuconostoc and Lactobacillus (Carr et al., 1975; Frank et al. 2002). 
1.3.3 The genus Lactobacillus 
Orla- Jensen divided Lactobacilli into three subgenera namely betabacterium, streptobacterium and 
thermobacterium. All the heterolactic lactobacilli are betabacterium (Jay, 1992). The streptobacteria 
(for example, L. casei and L. plantarum) produce up to 1,5% lactic acid at an optimal growth 
temperature of 30°C while the thermobacteria (e.g. L. acidophilus, L. bulgaricus) can produce up to 
30 % of lactic acid and have an optimal temperature of 40°C (Holzapfel, 2001). The Lactobacilli 
can produce a pH 4.0 in foods that contain fermentable carbohydrates and they can grow at a neutral 
pH (Jay, 2000). 
Lactobacillus delbrueckii subsp. bulgaricus is homofermentative. It produces D(-) lactic acid, 
accumulates acetic aldehyde and B-galactosidase and contributes to an increase in folic acid, niacin 




Lactobacillus acidophilus one of the most important probiotic species is phenotypically difficult to 
assess. It is generally considered to be beneficial because it produces vitamin K, pantothenic acid, 
folic acid, niacin, riboflavin, lactase and anti-microbial substances such as acidolin, acidolphilin, 
lactocidin and bacteriocin. It forms DL lactic acid. Its heterogeneity was recognized by Lerche and 
Reuter (Lerche et al., 1962) who suggested 4 different biotypes of the species. Later studies 
(Johnson et al., 1980; Lauer et al., 1980) confirmed this heterogeneity, suggesting the existence of 
6 different homology groups: 
¾ Lactobacillus acidophilus A-1 
¾ Lactobacillus crispatus A-2 
¾ Lactobacillus amylovorus A-3 
¾ Lactobacillus gallinarum A-4 
¾ Lactobacillus gasseri B-1 
¾ Lactobacillus johnsonii B-2 
Lactobacillus johnsonii has been extensively studied and has been shown to attach to epithelial cells 
to modulate the host’s immune system and to inhibit pathogens. Lb.johnsonii is predicted to have a 
strict anaerobic metabolism fermenting a variety of disaccharides and hexoses (Tamime, 2005). 
Lactobacillus casei subsp. paracasei refers to a heterogeneous group of lactic bacteria, two of 
which, Lactobacillus rhamnosus and Lactobacillus paracasei subsp. paracasei possess good 
probiotic properties. These bacteria are short regular-shaped cells which produce L(+) lactic acid.  
1.3.4 The genus Streptococcus 
The genus Streptococcus was first described by Rosen Bach in (1884) (Dykes, 1991). Member of 
this genus are all homofermentative coccus and gram-positive and catalase-negative that form pairs 
and chains of cells when cultured in liquid media, but form only the L (+) isomers of lactic acid. 
These bacteria are widely distributed in raw milk and dairy products, on plant material and the 
mouths and intestines of humans and animals (Campbell et al., 1996). It produces vitamin B6 and 
B12.  
S. thermophilus is thermoduric and therefore encounter in the planting of pasteurized milk. These 
species can grow at 45°C but not at 10°C. It is constituted by GRAS (Generally Recognize As Safe) 
microorganismswhich are very essential in the dairy manufacturing thatmakes it one of the most 
commercially important of all LAB. 
1.3.5 The genus Bifidobacterium 
Bifidobacterria are gram-positive polymorphic branched rods that occur singly in chains or clumbs. 
They are non–spore-forming, non-motile and non-filamentous. They are anaerobic and produce acid 
but not gas from a variety of carbohydrates. Bifidobacterial strains exhibiting probiotic properties 






1.4 Fermented milk products 
The consumption of milk fermented products in Europe increased during the last years. This event 
is attributed to the expanding variety, to sensory aspects, and to nutritional and therapeutic 
properties of these products (Gilliland 1991, Yucuchi 1992). One of the reasons for the increase in 
the consumption of fermented foods is because consumers consider these foods to be healthy and 
natural. It is increasingly important to distinguish LAB used in the food industry and health care 
market. Furthermore along with the advent of improved methods for monitoring and characterising 
mixed LAB cultures (probiotics, starters or otherwise) has come the ability to examine the diversity 
and dynamics of LAB throughout the fermentation process, filling and even storage of product 
(Pintado et al., 2003;Ercolini, 2004) 
One should specially mention  about the microbiological risk factors associated with fermented 
foods. Major risk factors include the use of contaminated raw materials, lack of pasteurisation and 
use of poorly controlled fermentation conditions. On the other hand, non toxigenic microorganisms 
can serve to antagonize pathogenic microorganisms and even degrade toxic substances such as 
mycotoxins in fermented foods (Nakazato et al., 1990; Nout, 1994).  
1.4.1 Yogurt 
Yogurt is a fermented milk product obtained through the lactic fermentation of milk by mixed 
cultures S. thermophilus and Lb. delbrueckii subsp. bulgaricus in a 1:1 ratio. The principal 
metabolic products of these microorganisms are lactate, aroma compounds, and sometimes 
exopolysaccharides. The symbiotic relationship between the 2 species during milk acidification by 
mixed cultures results in greater bacterial concentration, acid production, flavour development and 
improved texture, than does single culture growth (Rasi and Kurmann 1978, Beal and Corrieu 
1994, Moreira and others 2000). More acetaldehyde (the main volatile component of yogurt) is 
produced by L. bulgaricus when growing in association with S. thermophilus (Jay, 1992; Board et 
al., 1995). The coccus (S. thermophilus) grows faster than rod (L. bulgaricus), dominates the early 
stage of fermentation and is primarily responsible for acid production while the rod adds flavour 
and aroma.  
During yogurt making, as the redox potential of milk is reduced and the pH is lowered from 6.5 to 
5.5, growth of Lb. delbrueckii subsp. bulgaricus is stimulated. S. thermophilus dominates the early 
stage of fermentation; utilizing essential amino acids produced by L. bulgaricus. S. thermophilus in 
return produces lactic acid which reduces the pH to an optimal level for growth of L. bulgaricus. 
The lactic acid produced and lesser amounts of formic acid stimulate the growth of L. bulgaricus. 
Then below pH 5.0, Lb. delbrueckii dominates to produce acetaldehyde and lactic acid, yielding the 
characteristic green apple flavour. Continued acid production lowers the pH of yogurt to almost 4.6, 
which is the iso-electric point of casein; this induce gelation and the fermentation is terminated at 
pH 4.5. The streptococci are inhibited at pH values of 4.2–4.4, whereas lactobacilli tolerate pH 
values in the range of 3.5–3.8. After approximately 3 h of fermentation the numbers of the two 
organisms should be equal. 
Lb. delbrueckii produces essential amino acids owning to its proteolytic nature (Shihata and Shah, 
2000, 2002). The streptococci also produce growth factors for the former organism. However, Lb. 
delbrueckii also produce lactic acid during refrigerated storage. This process is known in the 
industry as “post-acidification” and if it occurs during refrigerated storage it causes a loss in 
viability of the probiotic bacteria.  
The basic process of yogurt production is shown in Fig.3. 
 
Figure 3 A schematic presentation of the yogurt production (Tamime and Robinson, 1985) 
1.4.2 Probiotic milk products 
Probiotic microorganisms grow slowly in milk, hence, the yogurt starter culture is added to enhance 
the fermentation process and Lactobacillus acidophilus, Bifidobacterium spp. and Lactobacillus 
casei are incorporated as dietary adjuncts (Minelli et al., 2004; Saito, 2004). Fermented milk with 
only Lb. acidophilus and Bifidobacterium spp. (known as AB cultures), Lb. acidophilus, 
Bifidobacterium spp. and Lb. casei (known as ABC cultures) or Lb. acidophilus, Bifidobacterium 
spp. and S. thermophilus (known as ABT cultures) could be manufactured; however, a longer 
incubation period is needed. Thus, the normal practice is to make yogurt with S. thermophilus, Lb. 
delbrueckii subsp. bulgaricus and probiotic microorganisms (AB or ABC cultures). 
In addition, the interactions between probiotic strains and traditional starter cultures are another 
aspect that must be considered to achieve a high viable count at the end of the shelf-life of the 
product. For example, some strains of S. thermophilus and Lb. delbrueckii subsp. bulgaricus may 
inhibit certain strains of probiotic bacteria during the fermentation and storage of the product. The 
probiotic microorganisms are particularly influenced by other bacteria during long fermentation 
times; however, during a short fermentation time the growth of most probiotic bacteria has hardly 







also known, for example, between Bifidobacterium spp. and Lb. acidophilus. Bifidobacterium spp. 
will, when present in high numbers, produce a noticeable amount of acetic acid during a long 
fermentation time (Mahdi et al., 1990), whilst Lb. acidophilus will produce acetaldehyde and lactic 
acid. 
Normally it takes 4 h to complete the fermentation process with Lb. delbrueckii subsp. bulgaricus 
and S. thermophilus compared to 20 or 24 h with probiotic cultures alone. For this reason, 
fermented milk products containing Lb. acidophilus and bifidobacteria are often produced in 
conjunction with other cultures such as Lb. delbrueckii subsp. bulgaricus and S. thermophilus in the 
case of yogurt manufacture. Both groups of cultures are either added together or fermentation takes 
place in two steps. 
Inhibitory substances such as acid and hydrogen peroxide produced by yogurt starter bacteria are 
mainly responsible for the poor survival of probiotic cultures. Generally, yogurt starter bacteria 
grow faster than probiotic bacteria during fermentation period and produce acids, which could 
reduce the viability of probiotic bacteria. 
1.4.2.1 Viability of probiotic microorganisms 
In order to obtain the desired health effects, probiotic bacteria must be able to grow in milk (some 
organisms may not be able to grow in milk, e.g. Lb. rhamnosus GG), and survive in sufficient 
numbers. It has been suggested that probiotic organisms should be present in a food to a minimum 
concentration of 106 cfu/g, or the daily intake should be about 109 cfu/g. Such high numbers have 
been suggested to compensate for possible losses in the numbers of the probiotic organisms during 
passage through the stomach and intestine. Studies have demonstrated that several probiotic 
microorganisms grow poorly in milk, and the viability of these organisms is often low in yogurt. A 
number of brands of commercial yogurt have been analysed in Australia and in Europe for the 
presence of  Lb. acidophilus and bifidobacteria. Most of the products contained very low numbers 
of these organisms, especially bifidobacteria (Tamime, 2002). Viability and activity of the bacteria 
are important considerations because these bacteria must survive in the food during its shelf-time, 
during transit through the acidic conditions of the stomach, and resist degradation by hydrolytic 
enzymes and bile salts in the small intestine.  
The viability of probiotic bacteria in yogurt depends on the strains used, the interactions between 
species present, the production of hydrogen peroxide due to bacterial metabolism, and the final 
acidity of the product. Viability also depends on the present of nutrients, growth promoters and 
inhibitors, the concentration of sugars, dissolved oxygen and oxygen permeation through the 
package, inoculation level, and fermentation time (Tamime et al., 2005). Bifidobacteria are 
anaerobic and high oxygen content may affect their growth and viability. Lb. acidophilus is reported 
to have a high cytoplasmic buffering capacity, which allows it to resist changes in cytoplasmic pH. 
It is more tolerant to acidic conditions than Bifidobacterium spp.  
Lb. delbrueckii subsp. bulgaricus affects the survival of Lb. acidophilus and bifidobacteria due to 
the acid and hydrogen peroxide produced during the fermentation stage. Due to its proteolytic 
nature, Lb. bulgaricus grows rapidly and produce acid quickly; whilst appearing to liberate the 




bifidobacteria. S. thermophilus does not inhibit the growth of probiotic organisms, and may 
stimulate the growth of probiotic organisms due to the consumption of oxygen. 
One method of improving the viability of probiotic organisms is to add probiotic organisms after 
fermentation of the milk. This allows the use of strains of probiotic bacteria that cannot grow in the 
presence of other organisms. However, the survival of probiotic organisms may be lower if the 
bacteria are added after fermentation. 
Another method would be to carry out the initial fermentation with probiotic cultures, followed by 
completion of fermentation with Lb. delbrueckii subsp. bulgaricus and S. thermophilus 
(Lankaputhra and Shah, 1997). Using this approach, the fermentation time would be slightly longer 
than the traditional fermentation process. An initial fermentation could be carried out with probiotic 
cultures for 2 h, followed by fermentation with the yogurt starter cultures for 4 h. This would allow 
the probiotic organisms to be in the final stage of their lag phase or in the early stage of their log 
phase and result in higher counts of probiotic organisms at the end of the 6 h fermentation. The 
counts of probiotic bacteria have been found to increase substantially in products prepared using a 
two-step fermentation process (Tamime, 2005). 
1.4.2.2 Codex standard for fermented milks 
Unlike new drugs or pharmaceuticals, which are screened intensively for safety and effectiveness, 
probiotics and prebiotics are less rigorously assessed. It is therefore relatively easy to launch a new 
product, and legislation against such products is loose. Nevertheless, consumers should be provided 
with an accurate assessment of physiological, microbial and safety aspects.  
At its 26th Session in July 2003, CAC adopted a new Codex Standard for Fermented Milks 
(FAO/WHO, 2003b). While not specifically aimed at probiotics, this new standard includes 
compositional requirements for the minimum level of starter culture organisms (1x107 cfu/g) and, 
where a content labelling claim is made for specific microorganisms other than the normal starter 
cultures, a minimum of 1x106 cfu/g is required.   
1.4.2.3 Composition of the fermentation medium 
Probiotic are used for the fermentation of milk to a limited extent because of their slow growth in 
milk. The reason for such poor growth is related to the low concentration of free amino acids and 
small peptides in milk, which are insufficient to support the growth of these microorganisms. 
Therefore, adding casein or whey protein hydrolysates, yeast extract, glucose and vitamins can 
enhance the growth of Lb. acidophilus and Bifidobacterium spp. in milk (Lucas et al., 2004; Desai 
et al., 2004). Bifidobacteria are capable of utilising lactulose and oligosaccharides. As other 
intestinal bacteria are unable to utilize these complex carbohydrates, these compounds are referred 
to as prebiotics or “bifidus factors”. 
In general, probiotic bacteria grow better in rich synthetic media, tryptose peptone yeast (TPY) and 
de Man, Rogosa and Sharpe (MRS) broth than in milk (Shah, 2000). To manufacture a quality 





A prebiotic is defined as “a non-digestible food ingredients that beneficially affect the host by 
selectively stimulating the growth and/or activity of one or a limited number of bacteria in the 
colon, and thus improve host health.”(Gibson and Roberfroid, 1995). The stimulated bacteria 
should be of a beneficial nature. To have these effects, prebiotics must be able to withstand 
digestive processes before they reach the colon and preferably persist throughout the large intestine 
such that benefits are apparent distally (Gibson et al., 2004). Lower molecular weight 
oligosaccharides have been the subject of recent interest because, apart from the nonstarch 
polysaccharides, they present themselves as the most portable source of carbon for colonic bacteria. 
When ingested, these carbohydrates are not digested in the small intestine and reach the ileocaecal 
region in a relatively unmodified form (Nilsson et al., 1988).  
Some candidate prebiotic compounds are following: 
9 inulin (fructooligosaccharide) 




Fructooligosaccharides are well researched prebiotics which occur naturally in the diet (table 2). 
 
Table 2 Natural occurrence o of fructooligosaccharides (Modler, 1994) 
Source Scientific name Fructose units Fructooligosaccharides 
(%) in fresh material 
banana Musa spp. 2 0.3-0.7 
Rye Secale cereale 2 0.5-1.0 
Leek Allium ampeloprasmus na 2.0-10.0 
wheat Triticum asetivum n 0.8-4.0 
Garlic Allium sativum n 1.0-16.0 
chicory roots Cichorium intybus n 15.0-24.0 
asparagus shoot Asparagus officinalis 2-4 2.0-3.0 
jerusalem artichoke Helianthus tuberosus 2 16.0-22.0 
globe artichoke Cynara scolymus 2 3.0-10.0 
onions Allium cepa 2-4 1.1-7.5 
salisfy Scorzonera hispanica n 4.0-11.0 
dandelion Taraxacum officinale n 12.0-15.0 
dahlia - n 13.0 
burdock - 2-4 3.6 
an is either >4 or number of individual fructose units not described as yet 
 
Probiotic microorganisms and prebiotics (Gibson and Roberfroid, 1995) offer exciting possibilities 







Table 3 Terminology 
Term  Definition 
Probiotic A live microbial food ingredient that is beneficial to health  
Prebiotic A non-digestible food ingredient that beneficially affects the host by selectively 
stimulating the growth and/or activity of one or a limited number of bacteria in the 
colon, that have the potential to improve host health 
Symbiotic A mixture of probiotics and prebiotics 
1.4.3.1 Health Claims Associated with Probiotics 
Probiotic bacteria must possess the capacity to exert a health improvement on the host. It can 
include protection against pathogens trough competitive exclusion, contribution to host nutrition, 
possession of anti-cancer effects, as well as the ability to stimulate host immunity within the GI 
tract (O´May and Macfarlane, 2005). 
Probiotics are increasingly being made available over the counter in health food shops and, more 
recently, in supermarkets. However, a recent study has found that many of these products often do 
not contain the microorganisms they are supposed to (Weese, 2002). 
 Probiotic use in GI tract conditions (O´May and Macfarlane, 2005): 
9 Crohn´s desease 
9 Ulcerative colitis 
9 Pouchitis 
9 Irritable bowl syndrom 
9 Antibiotic-associated diarrhoea 
9 Traveller’s diarrhoea 
9 Infant diarrhoea 
It has been suggested that vitamin production is one of a number of functional characteristic 
associated with probiotic bacteria and gastrointestinal microbiota (Holzapfel and Schillinger, 2002) 
It has been reported that milk contains between 20μg and 50 μg/l of folate (Hugenholtz et al., 2002); 
however, the levels of folate in fermented milk have been shown to be higher, with folate 
concentrations in excess of 140 μg/l detected in yogurt (Smid et al., 2001), with Streptococcus 
thermophilus and not Lactobacillus delbrueckii subsp. bulgaricus, the reported producer (Rao et al., 
1984). 
Vitamins, exopolysaccharides and bacteriocins are produced by some probiotic bacteria (O´Connor 
et al., 2005): 
¾ Folate – Streptococcus thermophilus, Bifidobacterium longum, Lactobacillus acidophilus 
¾ Vitamin B12 – Bifidobacterium, Lactobacillus, Propionibacterium 
¾ Vitamin K – Lactococcus, Lactobacillus, Streptococcus, Bifidobacterium 
¾ Riboflavin and thiamine – Bifidobacterium infantis, B. longum 
¾ Exopolysaccharides – Lactobacillus, Lactococcus, Bifidobacterium, Leuconostoc 
mesenteroides 
¾ Bacteriocins – Lac. lactis subsp. lactis, Lb. plantarum, Lb. acidophilus, Lb. johnsonii 
1.5 DNA based techniques 
Molecular techniques, especially polymerase chain reaction (PCR) based methods, such as RAPD-
PCR fingerprinting are important for specific characterization and detection of LAB strains (Gevers 
et al., 2001; Holzapfel et al, 2001).
1.5.1 Polymerase chain reaction (PCR) 
This method was first employed by K. Mullis in Emeryville in California. He described 
amplification the only one mammalian gene by the help of DNA polymerase fragment extracted 
from Termus acquaticus (Sambrook and Russel 2001). Fundamental is the synthesis of first 
denatured DNA segment, to which are sequently hybridized short oligonucleotids (primers). From 
3´ends these primers are starting synthesised the new DNA chain by force of DNA polymerase. 
The principle of PCR is shown on figure 3. 
 








3 basic steps of one cycle: 
1) DNA denaturation (at about 94°C) - In this PCR step the double strand melts to single 
stranded DNA 
2) Annealing of primers (30 – 65°C) - In this PCR step the primers bind to the single strand 
created in the previous PCR step. 
3) Extension of DNA chains (65 – 75°C) - The PCR polymerase adds dNTP’s in direction 5’ to 
3’, reading the template from 3’ to 5’ side, to make two double stranded molecules. The 
PCR steps are repeated from 30 to 40 times. 
PCR method is very sensitive and is used for detection of various microbes. Simultaneously the 
method is sensitive to different inhibitors. These inhibitors decline amplificable DNA capacity of 
DNA polymerase and efficiency of the process. They can lead into negative results and diminish 
reproducibility. 
1.5.2 Inhibitors of PCR 
Compounds which have capacity to inhibit amplification of nucleic acids can be of different origin. 
Intracellular inhibitors are present inside of bacterial cells. Like intracellular inhibitors is possible to 
denominate nucleases, proteases and polysaccharides. Extra cellular inhibitors are presented outside 
the cell. They occur in complex samples like blood, urea, and food and can occur free in 
environment. Extra cellular sources of inhibitors are placed in materials and reagents that come into 
contact with samples during processing or DNA purification. These include excess of KCl, NaCl, 
components of cultivating media, antibiotics, proteins, ions, mineral oils, bile acids and detergents 
such as SDS, ethanol, isopropanol and phenol (Wilson 1997). The food samples contain also many 
inhibitors especially fats, glycogen and Ca2+ ions and milk proteinase in milk (Španová et al., 2001). 
This Ca 2+can interact directly with a DNA polymerase to inhibit enzyme activity. DNA 
polymerases have cofactor requirements that can be the target of inhibition. Magnesium is a critical 
cofactor, and agents that reduce Mg2+ aviability or interfere with binding of Mg2+ to the DNA 
polymerase can inhibit PCR. There is a mutual competition among the two-potential ions and Ca2+ 
are bonded to the DNA polymerase in preference which results in decrease of PCR sensitivity or in 
PCR inhibition (Bickley et al. 1996).  
Inhibitors can inhibit PCR reaction in more manners: 
• Prevention of cell’s lyses 
Procedure leading to cell lyses can be performed chemical (Tris HCl, EDTA), physical (osmotic 
lyses, scan) and enzymatic (lyzozyme, mutanolysine). Insufficient lyses results in an insufficient 
release of DNA from the cells and successive detection of PCR reaction express itself like false 
negative. Unpurified DNA from cells can contain many structural proteins which can also 
inhibit PCR reaction (Wilson, 1997). Proteolytic enzymes can also stop the process of enzymatic 






• Degradation of nucleic acids 
Specific nucleases especially exonucleases can be released in the sample and induce auto 
degradation of DNA molecules. Genera Staphylococcus contains termostable nucleases able to 
degrade DNA molecule and primers during PCR reaction (Wilson 1997). These thermostable 
endonucleases are not present in all genera; they were described in Staphylococcus, Salmonella 
and Campylobacter jejuni. 
• Inactivation  of DNA polymerases 
Lytical enzymes interact with DNA and proteins and disable linkage of DNA with DNA 
polymerase. Some compounds of complex samples can also inhibit function of polymerases 
(Wilson 1997). Inactivation of polymerase function and resulting denaturation can also happen. 
1.5.3 Random amplified polymorphic DNA (RAPD) 
The RAPD technique employs short random primers (10 nucleotides) to locate random sequences 
of genomic DNA to reveal polymorphisms. These primers adhere to a complementary nucletide 
sequence of the genomic DNA. After amplification the RAPD products represent many DNA 
fragments of a specific length which can be separated using gel electrophoresis. If a mutation occurs 
in the priming region the length of the DNA between priming regions and the length of amplicon is 
changed. In this way the RAPD analysis can provide a simple and reliable method for measuring 
genomic variation. Because it is a relatively straight-forward technique to apply and the number of 
loci that can be examined is unlimited RAPD analysis is viewed as having a number of advantages 
over RFLP’s and other techniques (Lynch and Milligan 1994).  
The RAPD technique has further advantages over other systems of genetic documentation because 
it uses a universal set of primers, and knowledge of nucleotide sequencing is not necessary 
(Williams et al. 1990). The ease and simplicity of the RAPD technique make it ideal for genetic 
mapping, plant and animal breeding programs and DNA fingerprinting with particular utility in the 
field of population genetics. In many instances only a small number of primers are necessary to 
identify polymorphism within species (Williams et al. 1990). Indeed, as Mulcahy et al. (1995) 
reports a single primer may often be sufficient to distinguish all of the sampled varieties. Williams 
et al. (1990) states that the ease of the RAPD technique could lead to the automation of genetic 
mapping and to the extension of genetic analysis to cover organisms which lack of ample number of 
phenotypic markers to completely describe their genome.  
1.5.4 Agarose gel electrophoresis of DNA 
Agarose gel electrophoresis is a method used to separate DNA, RNA or proteins molecules by size. 
This is achieved by moving negatively charged nucleic acid molecules through an agarose matrix in 







The advantages are:  
• easily poured 
• does not denature the samples 
• physically firmer than polyacrylamide 
• the samples can be recovered  
The disadvantages are: 
• gel can melt during electrophoresis 
• the buffer can become exhausted 
• different structural forms of genetic material may run in unpredictable forms 
The DNA is visualised in the gel by addition of ethidium bromide. This binds strongly to DNA by 
intercalating between the bases and is fluorescent meaning that it absorbs in invisible UV light and 




2 Aim of the study 
The aim of the study was to evaluate the microbial quality of 24 commercial yoghurts and 8 non-
pharmacological probiotic milk products. The load of microbial population of each product (cfu/ml) 
was investigated including identification of randomly selected isolates of lactic acid bacteria. The 
other aim was genetic characterization of Streptococcus thermophilus and Lactobacillus spp. 




3 Materials and methods 
3.1 Analyzed milk products 
Traditional identification of the isolated bacteria was based on their phenotypic characteristics. 
Classically growth characteristics, growth requirements, morphology, Gram´s reaction and 
enzymatic profile were the means for differentiation and identification of microbes (McCartney, 
2002). Selective media and incubation conditions were employed in order to electively stimulate 
isolation of the bacterial group of interest (Beerens, 1990).  
The International Dairy Federation (IDF) suggests the standard protocol of MRS (de Man-Rogosa-
Sharpe) and M17 media usage for enumeration of the starter cultures Lactobacillus delbrueckii 
subsp. bulgaricus and Streptococcus thermophilus, respectively. 
To enumerate the bacterial contents of samples using plating strategies a dilution series must be first 
prepared and aliquots of each dilution plated and incubated accordingly. The dilution plates 
containing up 300 discrete colonies were used for plate counts. 
3.1.1 Isolation of LAB from fermented milk products  
After homogenization one ml of each sample was pipetted aseptically into 9 ml ringer’s solution 
(see p.27) and mixed thoroughly. Serial dilutions (10-1 to 10 -8) were made and 1 ml portions of the 
appropriate dilutions (10-4 to 10-8) were cultivated by inclusion of De Man, Rogosa and Sharpe 
(MRS) agar (De Man et al., 1960) and incubated anaerobically for 48 h at 42°C for the enumeration 
of Lactobacillus bulgaricus. Anaerobic jars with AnaeroGen sachet (Oxoid A0025) were used for 
anaerobic incubation. 
The 0.1 ml of the appropriate dilutions (10-3 to 10-7) were plated on M17 agar (Oxoid) with 0,5% 
lactose and incubated aerobically for 48 h at 42°C for enumeration of Streptococcus thermophilus. 
Double plating of each dilution in the series was performed to enable a more accurate calculation. 
The other 1 ml of the related dilutions (10-1 to 10-3) were plated on Malt agar (Oxoid) and incubated 
aerobically at room temperature. Malt agar was used for cultivating yeast and moulds from food. It 
was used for assurance of purity of the samples. Colonies were enumerated after incubation. 
Colonies from MRS and M17 agar were randomly isolated and used for phenotypic and genotypic 
identification. All isolates were obtained from the countable plates of MRS and M17 agar. The 
isolates were examined for gram and catalase reaction and observed in microscope for cell 
morphology confirmation and purity. 
Isolates were conserved by puncture in YLA (Yeast lactose agar) and cultivated in MRS broth and 







3.2 Bacterial strains and growth conditions 
3.2.1.1 Methods 
Methods employed are summarised in Table 4. 
Table 4 Methods employed in this study.  
method microorganisms examined description, medium 
strain isolation   
 Lactobacillus strains MRS agar (Oxoid), 42 °C 
 Streptococcus strains M17 agar containing 0,5 % lactose (Oxoid), 
42°C 
 undesired microorganisms Malt agar (Oxoid), room temperature 
enumeration   
identification   
 PCR - RAPD fingerprinting 
   
3.2.2 Analyzed milk products 
Analyzed probiotic milk products and yogurts were randomly chosen and bought in Italian 
supermarkets. Products were selected according to their usable life. It ranges from 20 to 30 days 
before the deadline.  
3.2.2.1 Commercial yogurts   
yogurt N.1: Vitasnella  




Average values in 100g: fat: 0,1 g; proteins: 4,4 g; carbohydrates: 
5,8 g, Ca: 156 mg 
bacterial cultures: Streptococcus thermophilus, Lactobacillus 
delbrueckii subsp. bulgaricus 
 
yogurt N.2: Malga Paradiso** 
producer: Malga Paradiso 
bacterial cultures: Streptococcus thermophilus, Lactobacillus 
delbrueckii subsp. bulgaricus 
 
 
yogurt N.3: Granarolo cremoso  
producer: Granarolo S.p.A. 
Average values in 100g: fat: 3,4 g; proteins: 3 g; carbohydrates: 14,4 g  
bacterial cultures: Streptococcus thermophilus, Lactobacillus delbrueckii subsp. bulgaricus 
 
yogurt N.4: Vivita**  
producer: Stuffer 
bacterial cultures: Streptococcus thermophilus, Lactobacillus delbrueckii 
subsp. bulgaricus 
yogurt N.5: Sterzinger  
producer: Latteria Vipiteno soc. agricola 
Average values in 100g: fat: 3,7 g; proteins: 3,4 g; carbohydrates: 12,7 g; Ca: 
120 mg 
bacterial cultures: Streptococcus thermophilus, Lactobacillus delbrueckii subsp. bulgaricus 
 
yogurt N.6: Parmalat 
Producer: Parmalat  
Average values in 100g: fat: 3,5 g; proteins: 3,3g; carbohydrates: 15,4 g; Ca: 
96 mg 
Bacterial cultures: Streptococcus thermophilus, Lactobacillus delbrueckii subsp. bulgaricus 
yogurt n.7: Yomo  
Producer: Granarolo   
Average values in 100g: fat: 4,2 g; proteins: 3,2 g; carbohydrates: 13g 












Bacterial cultures: Streptococcus thermophilus, Lactobacillus 
delbrueckii subsp. bulgaricus 
 
yogurt N.9: Sterilgarda 
Producer: Sterilgarda Alimenti S.p.A. 
Average values in 100g: fat: 3 g; proteins: 4,1 g; carbohydrates: 
12,6 g 
Bacterial cultures: Streptococcus thermophilus, Lactobacillus 
delbrueckii subsp. bulgaricus 
 
yogurt – cheese N.10***: Nestlé Fruttolo** 
producer: Nestlé Italiana S.p.A.  
Bacterial cultures: Streptococcus thermophilus, Lactobacillus delbrueckii 
subsp. bulgaricus 
yogurt N.11: Fitline Mevgal** 
producer: Mevgal 
bacterial cultures: Streptococcus thermophilus, Lactobacillus delbrueckii subsp. bulgaricus 
yogurt N. 12: Mevgal Extra** 
producer: Mevgal 
bacterial cultures: Streptococcus thermophilus, Lactobacillus delbrueckii subsp. bulgaricus 
yogurt N.13: Sveltesse Nestlé 
producer: Nestlé Italiana S.p.A.  
Average values in 100g: fat: 0,1 g; proteins: 4,2 g; carbohydrates: 6,3 g; 
fiber: 0,2g  
bacterial cultures: Streptococcus thermophilus, Lactobacillus delbrueckii 
subsp. bulgaricus 




producer: Granarolo  
Average values in 100g: fat: 0,1 g; proteins: 4 g; carbohydrates: 12,7 
g; fiber: 5g 
bacterial cultures: Streptococcus thermophilus, Lactobacillus 
delbrueckii subsp. bulgaricus 
yogurt (curd) N.15***: Ricotta 
producer: Galbani 
Average values in 100g: fat: 7,6 g; proteins: 5,3g; carbohydrates: 15,2 g  
bacterial cultures: not reported 
 
yogurt N.16: Kyr**  
producer: Parmalat 
bacterial cultures: Streptococcus thermophilus, Lactobacillus delbrueckii 
subsp. bulgaricus, Lactobacillus acidophilus, Bifidobacterium Bb12 
 
yogurt N.17: Valsoia Yosoi  
producer:  Valsoia S.p.A. 
Average values in 100g: fat: 1,6 g; proteins: 3,3 g; carbohydrates: 
13 g; fiber: 1 g 
bacterial cultures: Streptococcus thermophilus, Lactobacillus 
delbrueckii subsp. bulgaricus 
 
yogurt N.18: Urka Mix**  
producer:  Trentinalatte S.p.A. 
bacterial cultures: Streptococcus thermophilus, Lactobacillus 





yogurt N.19: Exquisa Aloevera (drink)**  
Producer: Exquisa Italia s.r.l. 
Bacterial cultures: Streptococcus thermophilus, Lactobacillus 
delbrueckii subsp. bulgaricus 
 
yogurt N.20: Naturella yogurt da bere** 
Producer: EI Srl. 
Bacterial cultures: Streptococcus thermophilus, Lactobacillus delbrueckii subsp. bulgaricus 
 
yogurt N.21: Linea Bianca** 
producer: not reported 
Bacterial cultures: Streptococcus thermophilus, Lactobacillus delbrueckii subsp. bulgaricus 
yogurt N.22: Malga Paradiso magro 
Producer: Malga Paradiso 
Average values in 100g: fat: 0,1 g; proteins: 3,8 g; carbohydrates: 15 g 
Bacterial cultures: Streptococcus thermophilus, Lactobacillus delbrueckii subsp. bulgaricus 
yogurt N.23: Matese cremoso 
Producer: Newlat S.p.A 
Average values in 100g: fat: 3,6 g; proteins: 3,6 g; carbohydrates: 19,2 g 
Bacterial cultures: Streptococcus thermophilus, Lactobacillus delbrueckii subsp. bulgaricus 
yogurt N.24: Matese magro 
Producer: Newlat S.p.A. 
Average values in 100g: fat: 0,1 g; proteins: 3,5 g; carbohydrates:11 g 
Bacterial cultures: Streptococcus thermophilus, Lactobacillus delbrueckii subsp. bulgaricus 
 
3.2.2.2 Non-pharmaceutical probiotic milk products 
Probiotic milk product N. 1: Vivita**                         
Producer: Stuffer  
Bacterial cultures: Streptococcus thermophilus, Lactobacillus delbrueckii subsp. 
Bulgaricus, Lactobacillus acidophilus LA 1, Bifidus* lactis – Bb12 
Probiotic milk product N. 2: Benessere Rinforzo 




Average values in 100g: fat: 1,3 g; proteins: 3 g; carbohydrates: 13 g; 
Ca: 120 mg  
Bacterial cultures: Streptococcus thermophilus, Lactobacillus 
delbrueckii subsp. bulgaricus, Bifidus* lactis – Bb 12 
Probiotic milk product N. 3: LC 1 Nestlé 
Producer: Nestlé Italiana S.p.A.  
Average values in 100g: fat: 0,9 g; proteins: 2,6 g; carbohydrates: 14,4 g; 
fiber: 0,01g         
Bacterial cultures: Streptococcus thermophilus, Lactobacillus delbrueckii 
subsp. bulgaricus, Lactobacillus johnsonií LA1* 
Probiotic milk product N. 4: Naturella Rinforzo 
Producer: EI Srl. 
Average values in 100g: fat: 0,9 g; proteins: 3,1 g; carbohydrates: 14,8 g 
Bacterial cultures: Streptococcus thermophilus, Lactobacillus delbrueckii subsp. bulgaricus, 
Lactobacillus casei 
 
Probiotic milk product N. 5: Actimel              
Producer: Danone 
Average values in 100g: fat: 0,05g; proteins: 2,7 g; carbohydrates: 
4,3 g; fiber: 2,25g 
Bacterial cultures: Streptococcus thermophilus, Lactobacillus 
delbrueckii subsp. bulgaricus, Lactobacillus casei imunitas* 




Producer: Danone  
Average values in 100g: fat: 0,1 g; proteins: 5 g; carbohydrates: 6,1 g  
Bacterial cultures: Streptococcus thermophilus, Lactobacillus 
delbrueckii subsp. bulgaricus, Bifidobacterium actiregularis* 
 
Probiotic milk product N. 7: Fruttolo activ 
Producer: Nestlé 
Average values in 100g: fat: 0,9 g; proteins: 2,6g; carbohydrates: 13,8 g; Ca: 120 mg 
Bacterial cultures: Streptococcus thermophilus, Lactobacillus delbrueckii subsp. bulgaricus, 
Lactobacillus paracasei fortisTM*
Probiotic milk product N. 8: Kyr** 
Producer: Parmalat 
Bacterial cultures: Streptococcus thermophilus, Lactobacillus delbrueckii 
subsp. bulgaricus, Lactobacillus acidophilus, Bifidobacterium Bb12*
3.2.3 Conservation of strains 
Colonies were randomly picked up after enumeration of agar plates and conserved in YLA tubes for 
DNA extraction in refrigerator. 
3.2.4 Media and chemicals 
Composition of some media used in this study is shown in Table 5. 
Table 5 Composition of media 
MRS agar (1000ml) M17 agar (1000ml) Maltose agar(1000ml) 
MRS broth (Oxoid CM0359) 52 g M17 broth (Oxoid CM0817) 39,21 g 
Malt extract broth 
(Oxoid CM0057) 20 g 
Agar bacteriological (Oxoid 
LP0011) 15 g Agar bacteriological 15 g Agar 15 g 
  lactose 0,5% 2,5 g pH  5,4 
Distilled water was used for preparing of media. 
All agars were sterilised by autoclave (121°C). 
                                                 
* commercial mark of strain 
** average values in 100 g were not available 




Yeast lactose lemco agar (YLA) 
Peptone                                        10 g 
Meats extract                               10 g    
NaCl                                              5 g 
Yeast extract                                 3 g 
Agar                                            15 g 
Lactose                                          5 g 
Water                                            1 g 
Bromcresol purple 1,6 % alcoholic solution   2,8 ml/l 
CaCO3                                          6 g/l 
Thiosulphate ringer solution was prepared from: 
Tablets (BR0048, Oxoid) – containing sodium chloride (2,5mg/l), potassium chloride (0,075mg/l), 
calcium chloride.6H2O (0,12mg/l), sodium thiosulphate 5.H2O (0,5mg/l). One tablet dissolved in 
500 ml of distilled water makes 500 ml of quarter-strenght Ringer containing 0,05 % of sodium 
thiosulphate. Solution was autoclave before utilization (121°C/15´). 
Chemicals for DNA extraction 
ET (50mM Tris-5mM EDTA, pH 8,00); lysozyme (50 μg/ml); 25% SDS; Pronase E (20mg/ml); 
sodium perclorate 5 M; chloroform-isoamylalcohol (24:1); ethanol 96%; RNAse (10mg/ml); TE 
(10mM Tris-1mM EDTA, pH 8,00) 
Components for PCR  
dNTP (10mM); reaction buffer (10x conc.); MgCl2; Taq DNA polymerase; sterile water; 
DNA primers for PCR: 
XD5 5′-CTGGCGGCTG-3′ (Dr. D. Ercolini) 
BOXA1R (5´-CTACGGCAAGGCGACGCTGACG-3´) 
REP1 IIIICGICGICATCIGGC and REP2 IIIICGNCGNCATCNGGC (Gevers et al., 2001) 
- N = any base (A, T, G, C) 
- I = 2´- deoxyinosin 
Mixture dNTP: 100mM dCTP 25 μmol       10 μl 
                         100mM dGTP 25 μmol       10 μl 
                         100mM dTTP 25 μmol       10 μl 
                         100mM dATP 25 μmol       10 μl 
                                        H2O                      60 μl 
Chemicals for electrophoresis 
1 kb DNA ladder; bromphenol blue (6x conc.) diluted for use 1:5; TBE buffer (10x conc.) diluted to 
0,5x; agarose; ethidium bromide (500 µg/ml); 
Mixture for marker: 1 kb ladder                                     20 μl 
                                    bromphenol blue (with Ficoll400) 34 μl 




3.2.5 Instruments and tools 
Thermostat; centrifuge; vortex; thermostat bath; Thermocycler (Bio – Rad, Richmond USA); 
microwave oven; PCR box; apparatus for electrophoresis; ultraviolet light box (Bio – Rad); 
micropipettes “Gilson” (10, 100, 1000 μl); gel boxes; sterile pipettes; eppendorfs (1,5 ml; 2 ml; 200 
μl) and tips and other laboratory glass and equipment. 
3.3 Methods used for the identification of LAB 
3.3.1 Distinction of G+ and G- bacteria by exploitation of KOH string test 
(Edmund M. Powers, 1995) 
3% solution of potassium hydroxide was used for rapid distinction of gram-negative from gram-
positive bacteria. The KOH string test was performed by mixing a visible amount of bacterial 
growth from a colony or an agar slant in a drop of 3% aqueous KOH on a glass slide. The KOH-
bacteria suspension was mixed continuously with a bacteriological loop in a 1- to 2-cm2 area on the 
slide. If such a suspension gels or become viscous and strings out when the loop is lifted (positive 
KOH reaction) the isolate is gram-negative. Gram- positive cells do not form a viscous gel or do not 
string out (negative KOH reaction).  
3.3.2 Catalase reaction 
The principle reaction of catalase in the decomposition of hydrogen peroxide: 
2 H2O2 → 2 H2O + O2 
The test is performed by placing a drop of hydrogen peroxide (3%) on a microscope slide and 
mixing with a visible amount of bacterial growth from a colony or an agar slant. If bubbles or froth 
are formed the organism is said to be catalase-positive, if not the organism is catalase negative. 
3.4 Isolation and purification of DNA 
Genomic DNA was extracted from MRS and M17 broth cultures prepared from YLA by the 
method of Marmur modified (J. Marmur, 1961). Lactobacillus delbrueckii was grown in MRS 
broth (Oxoid) under anaerobic conditions at 37°C and Streptococcus thermophilus in M17 broth in 
aerobic conditions at 37°C for 24 h. 
2 ml of broth-culture was centrifuged at 6000 rpm for 15 min. The pellet was resuspended in 1,5 ml 
of TE (50mM Tris-5mM EDTA, pH 8,00) and centrifuged at Max rpm for 5 min. The pellet was 
resuspended in 500 μl of TE. 100 μl of lysozyme (50 μg/ml) was added and incubated at 37 °C for 
30 min. The cells were lysed by adding 50 μl of 25% SDS and 3 μl of Prolinase E (stock solution 
20mg/ml) and incubated at 37 °C for 30 min. After chilling at ambiental temperature for 10 min 120 
μl of 5 M sodium perchlorate was added (final concentration:1M). After addition of 1 volume of 
chloroform-isoamylalcohol (24:1) the eppendorfs were centrifuged at Max rpm for 5 min. Three 
layers were formed: the inferior layer contained chloroform, the central layer contained impurities 
and the superior layer contained the DNA and the RNA solution. The superior layer was 
recuperated and 1 volume of chloroform-isoamylalcohol and was added again and centrifuged at 




The DNA from the superior layer was precipitated with 2 volumes of absolute ethanol (96%) and 
was left for 30 min at -20°C. 
After centrifugation at 18,000 rpm for 20 min at 4 °C the pellet was kept to dry. Then 20 μl of TE 
(10mM Tris, 1 mM EDTA, pH 8,00) was put on to dissolve the pellet and 1 μl  of the RNase (stock 
solution 10mg/ml) to destroyed  RNA. One μl of this solution was diluted by 9 μl of water and used 
for RAPD-PCR amplification. The samples were stored in the – 20°C freezer. 
3.4.1 RAPD Mixtures and PCR conditions 
The composition of RAPD mixture is shown in Table 6. The Master Mix was prepared by mixing 
the volumes of single reagents multiplied by count of samples. 1 μl of each DNA isolate was 
pipetted to 200 μl eppendorf and 24 μl of Master Mix was added to each eppendorf. The 
components were mixed well and placed in thermocycler. The thermocycler was programmed to 
run the following cycles according to primers used (see Table 7). After the completion of the cycles, 
the thermocycler kept the samples at 4°C until they could be used or stored. Storage of PCR 
products was in refrigerator at about 4°C. 
Table 6: RAPD PCR Reaction Mixes 
Type of primer   XD5 BOXA1R REP1,2  
    
DNA Template  1.00 1.00 1.00 
10X PCR buffer  2.50 2.50 2.50 
MgCl2 [25mM]  1.75 1.75 1.75 
dNTP (10mM, 2.5mM each) 1.00 1.00 1.00 
Primer [2.5μM]  0.15 0.50 0.50 
Primer 2 - - 0.50 
Taq Polymerase (0.5μ/ μl) 0.50 0.5 0.50 
H2O 18.10 17.75 17.25 
Total volume (μl)       25.00 25.00     25.00 
Table 7: PCR Reaction Conditions 
  40 Cycles (°C/min)   
Type  Initiation  Denature  Anneal  Extend  Termination 
COC2 94°C, 1:00 94°C, 1:00 31°C, 1:00 72°C, 2:00 72°C, 7:00  
BOX  94°C, 1:00 94°C, 1:00 40°C, 1:00 72°C, 2:00 72°C, 7:00 
REP  94°C, 1:00 94°C, 1:00 50°C, 1:00 72°C, 2:00 72°C, 7:00 
3.4.2 Agarose gel electrophoresis of DNA and RAPD products 
In this research we used two sizes of gels: a mini one to test the success of DNA extraction and 
larger gel for clear resolution and separation of RAPD products. 
Preparation of gel: 
The 10x running buffer (TBE) was diluted to 0,5x. Appropriate amount of agarose was added into 
the buffer and melted in the microwave oven. The appropriate amount of compounds are shown in 
table 8 (see below).The evaporated amount of water was added and let to cool. After cooling, 
ethidium bromide was added to the melted gel filled into the gel tray and left to harden (about half 
an hour). 
Table 8 Preparation of different agarose gels 
 agarose TBE buffer 0,5x ethidium bromide DNA analysed 
mini 1 % gel 0,35 g 35 ml 1,75 μl Chromosomal 
1,5 % gel 1,5 g 100 ml 5 μl RAPD products 
 
The gel was transferred into the gel box. The box was filled with 0,5x buffer slightly over the top 
edge of the gel.  
Applying of the samples:  
The 25 μl of each sample was mixed with 4 μl of bromphenol blue the running indicator (1 μl for 6 
μl of the sample) and loaded into a well. The 10 μl of appropriate marker DNA (100bp ladder) was 
loaded flanking the sample lanes. The DNA run toward the red (+) terminal. The gels were run at 
100 V for approximately 2 hours. 
The DNA on completed gels was checked in UV light on an ultraviolet light box (Bio – Rad) and 

























4 Results  
4.1 Enumeration of bacteria (cfu/ml) in milk products 
The bacteria were enumerated in all 32 tested food products on MRS agar (Lactobacillus spp.), 
M17 agar (Streptococcus thermophilus) and Malt agar (nontamination), see chapter 3. Colonies 
forming units were enumerated from plates of the corresponding dilutions after incubation at 
appropriate temperatures. There were calculated average counts from 2 plates which are given 
together with values of cfu/ml for each dilution in Table 9 and 10 below.  
4.1.1 Enumeration of bacteria in yogurts 
Enumeration of bacteria in yogurts is given in Table 9. 
Table 9 Enumeration of bacteria in yogurts  
MRS agar  M17 agar  yogurt 








-4 >300 >3.106  >300 >3.106 -1 0 
-5 60 6.106 >300 >3.107 -2 0 
-6 10 1.107 140 1,4.108 -3 0 
-7 1 1.107 50 5.108   
1 Vitasnella 
 
-8 0,5 5.107 25 2,5.109   
-4 >300 >3.106 >300 >3.106 -1 0 
-5 69 6,9.106 >300 >3.107 -2 0 
-6 9 9.106 212 2,1.108 -3 0 





 -8 0 0 3 3.108   
-4 63 6,3.105 >300 >3.106 -1 0 
-5 10 1.106 >300 >3.107 -2 0 
-6 0,5 5.107 300 3.108 -3 0 




-8 0 0 1,5 1,5.108   
-4 > 300 >3.106 >300 >3.106 -1 0 
-5 >300 >3.107 250 2,5.108 -2 0 
-6 64 6,4.107 76 7,6.107 -3 0 
-7 10 9,5.107 2,5 2,5.107   
4 Vivita 
 
-8 1 1.108 0 0   
-4  > 300    >3.106 >300 >3.106 -1 Mould 
-5 275 2,75.107 >300 >3.107 -2 0 
-6 58 5,8.107 176 1,8.108 -3 0 





-8 0 0 1 1.108   
-4 > 300 >3.106 >300 >3.106 -1 0 
-5 120 1,2.107 >300 >3.107 -2 0 
-6 42 4,2.107 280 2,8.108 -3 0 
-7 9 9.107 50 5.108   
6 Parmalat 
 




MRS agar M17 agar yogurt 








-4 >300 >3.106 0 0 -1 Mould
-5 >300 >3.106 0 0 -2 0
-6 120 1,2.108 0 0 -3 0
-7 60 6.108 0 0  
7 Yomo 
 
-8 6 6.108 0 0  
-4 115 1,1.106 >300 >3.106 -1 Mould
-5 7,5 7,5.105 >300 >3.107 -2 Mould
-6 1,5 1,5.106 320 3,2.108 -3 
-7 0 0 150 1,5.109  
8 Muller Mix 
-8 0 0 49 4,9.109  
-4 >300 >3.106 15 1,5.105 -1 
-5 106 1,1.107 2,5 2,5.105 -2 
-6 10 1.107 0 0 -3 
-7 1,5 1,5.107 0 0  
9 Sterilgarda 
 
-8 0 0 0 0  
-4 0 0 62 6,2.105 -1 
-5 0 0 35 3,5.106 -2 
-6 0 0 28 2,8.107 -3 
-7 0 0 5 5.107  
10 Nestle 
Fruttolo 
-8 0 0 0 0  
-4 >300 >3.106 >300 >3.106 -1 
-5 >300 >3.107 >300 >3.107 -2 
-6 67 6,7.107 >300 >3.108 -3 
-7 9,5 9,5.107 103 1.109  
11 Fitline 
Mevgal 
-8 0,5 5.107 27 2,7.109  
-4 >300 >3.106 >300 >3.106 -1 
-5 39 3,9.106 >300 >3.107 -2 
-6 3,5 3,5.106 >300 >3.108 -3 
-7 1 1.107 82 8,2.108  
12 Mevgal 
Extra 
-8 0 0 70 7.109  
-4 >300 >3.106 >300 >3.106 -1 0
-5 53 5,3.106 >300 >3.107 -2 0
-6 11,5 1,2.107 225 2,3.108 -3 0
-7 3 3.107 64 6,4.108  
13 Sveltesse 
Nestle 
-8 0 0 5,5 5,5.108  
-4 >300 >3.106 >300 >3.106 -1 0
-5 >300 >3.107 >300 >3.107 -2 0
-6 42 4,2.107 350 3,5.108 -3 0
-7 0 0 115 1,2.109  
14 Fibrya 
YOMO 
-8 0 0 10,5 1.109  
15 Ricotta - - - - - - -
-4 >300 >3.106 28 2,8.105 -1 0
-5 >300 >3.107 2,5 2,5.105 -2 0
-6 275 2,75.108 0,5 5.105 -3 0
-7 64 6,4.108 0 0  
16 Kyr 




MRS agar M17 agar yogurt 








-4 0 0 0 0 -1 0 
-5 0 0 0 0 -2 0 
-6 0 0 0 0 -3 0 
-7 0 0 0 0   
17 Valsoia - 
Yosoi 
-8 0 0 0 0   
-4 >300 >3.106 >300 >3.106 -1 0 
-5 69,5 7.106 >300 >3.107 -2 0 
-6 7,5 7,5.106 >300 >3.108 -3 0 
-7 0 0 123 1,2.109   
18 Urka Mix 
-8 0 0 12 1,2.109   
-4 >300 >3.106 >300 >3.106 -1 0 
-5 175 1,75.107 275 2,75.107 -2 0 
-6 11 1,1.107 26 2,6.107 -3 0 




(drink) -8 0 0 0 0   
-4 >300 >3.106 >300 >3.106 -1 0 
-5 200 2.107 302 3.107 -2 0 
-6 76 7,6.107 53 5,3.107 -3 0 




-8 1 1.108 4,5 4,5.108   
-4 >300 >3.106 >300 >3.106 -1 0 
-5 >300 >3.107 300 3.107 -2 0 
-6 275 2,75.108 20 2.107 -3 0 
-7 32 3,2.108 0 0   
21 Linea 
Bianca 
-8 2 2.108 0 0   
-4 >300 >3.106 >300 >3.106 -1 0 
-5 43 4,3.106 310 3,1.107 -2 0 
-6 14 1,4.107 57,5 5,8.107 -3 0 




-8 0 0 0 0   
-4 >300 >3.106 >300 >3.106 -1 0 
-5 202 2.107 >300 >3.107 -2 0 
-6 18 1,8.107 116 1,2.108 -3 0 
-7 1 1,5.107 1,5 1,5.107   
23 Matese 
cremoso 
-8 0 0 0 0   
-4 >300 >3.106 >300 >3.106 -1 0 
-5 163 1,6.107 240 2,4.107 -2 0 
-6 46 4,6.107 53 5,3.107 -3 0 
-7 1 1.107 2,5 2,5.107   
24 Matese 
magro 
-8 0,5 5.107 0         0   
Most of the samples contained yogurt bacteria according to legislation (min.107 cfu/ml) with 
exception of samples 7, 9, 16 for Streptococcus thermophilus and sample18 for Lactobacillus. 




Sample 15 (curd product) did not contain any bacteria. 
Sample 17 (soya yogurt) did not contain any bacteria. 
Sample 7 Yomo-did not contain any Streptococcus thermophilus;  
Sample 9 Sterilgarda – did not contain enough amounts of Streptococcus thermophilus; 
Sample 10 Fruttolo – contained only Streptococcus thermophilus and did not contain Lactobacillus 
delbrueckii subsp. bulgaricus  
Sample 16 Kyr – lower counts of Streptococcus thermophilus 
Sample 15 Ricotta and sample 17 Valsoia – did not contain any bacteria 
Sample 18 Urka Mix – lower counts of Lactobacillus delbrueckii subsp. bulgaricus. 
 
4.1.2 Enumeration of bacteria in probiotic milk products 
Enumeration of bacteria in probiotic milk products is given in Table 10. 
Table 10 Enumeration of bacteria in probiotic milk products 
MRS agar M17 agar 




dilution Malt agar (cfu/ml) 
-4 >300 >3.106 >300 >3.106 -1 0 
-5 170 1,7.107 >300 >3.107 -2 0 
-6 25 2,5.107 135 1,4.108 -3 0 
-7 3 3.107 10 1.108   
1 Vivita 
-8 0 0 0 0   
-4 42 4,2.105 >300 >3.106 -1 0 
-5 4 4.105 >300 >3.107 -2 0 
-6 1,5 1,5.106 83 8,3.107 -3 0 
-7 0 0 13 1,3.108   
2 Mila 
Benessere 
-8 0 0 3 3.108   
-4 298 3.106 >300 >3.106 -1 0 
-5 13 1,3.106 >300 >3.107 -2 0 
-6 2 2.106 >300 >3.108 -3 0 
-7 0 0 170 1,7.109   
3 LC1 
Nestlè 
-8 0 0 48 4,8.109   
-4 109 1,1.106 >300 >3.106 -1 0 
-5 20 2.106 >300 >3.107 -2 0 
-6 1 1.106 301 3.108 -3 0 
-7 1 1.107 160 1,6.109   
4 Naturella 
Rinforzo 
-8 0 0 36 3,6.109   
-4 >300 >3.106 >300 >3.106 -1 0 
-5 >300 >3.107 >300 >3.107 -2 0 
-6 >300 >3.108 >300 >3.108 -3 0 
-7 60 6.108 160 1,6.109   
5 Actimel 
Danone 
-8 5 5.108 25 2,5.109   
-4 >300 >3.106 >300 >3.106 -1 0 
-5 >300 >3.107 >300 >3.107 -2 0 
-6 130 1,3.108 165 1,7.108 -3 0 
-7 15 1,5.108 80 8.108   
6 Activia 
Danone 




MRS agar M17 agar 




dilution Malt agar (cfu/ml) 
-4 >300 >3.106 >300 >3.106 -1 0 
-5 303 3.107 >300 >3.107 -2 0 
-6 88 8,8.107 >300 >3.108 -3 0 
-7 18 1,8.108 176 1,8.109   
7 Fruttolo 
activ Nestlè 
-8 1,5 1,5.108 10 1.109   
-4 >300 >3.106 >300 >3.106 -1 0 
-5 180 1,8.107 >300 >3.107 -2 0 
-6 22 2,2.107 300 3.108 -3 0 
-7 2 2.107 63 6,3.108   
8 Kyr 
Parmalat 
-8 0 0 8 8.108   
All the probiotic milk products contained sufficient counts of Streptococcus thermophilus (M17 
agar) and Lactobacillus spp. (MRS agar) according to legislation (min. 107 cfu/ml) with exception 
of the sample 2 Mila and sample 3 LC1 Nestlé (contained less than 107cfu/ml of Lactobacillus spp.)  
Samples 3,4,5,6 and 7 contained significantly higher counts of Streptococcus thermophilus 
(>109cfu/ml). 
4.1.3 Summary of enumeration of bacteria in tested milk products 
Summary of enumeration of bacteria in tested milk products grown on MRS agar (Lactobacillus 
spp.) and M17 agar (Streptococcus thermophilus) is given in Table 11 (the samples contained 
average counts are not mentioned). 
Table 11 











7 Yomo 9 Sterilgarda  10 Fruttolo* 18 Urka Mix  
15Ricotta* 16 Kyr  15 Ricotta*   Yogurts 
17 Valsoia   17 Valsoia   
  3 LC1 Nestlé  2 Mila  
  4 Naturella  3 LC1 Nestlé  
  5 Actimel    




  7 Fruttolo activ    
4.2 Identification of randomly selected isolates of LAB in milk 
products 
After enumeration of colonies, randomly isolated three colonies (A, B, C) from each food product 
(usually 2 from MRS agar and one from M17 agar) were used for other tests - gram positivity and 
catalase reaction. The cell morphology was observed in microscope. Single isolates were 
                                                 





denominated by a number of food sample; and also dilutions from which the colony was grown on 
agar plate were noted. 
The denominations A and B signify colonies isolated from MRS agar and the denomination C 
signifies colonies isolated from M17 agar. The denomination “p” is used for probiotic milk products 
colonies. 
4.2.1 Identification of colonies isolated from yogurts 
Identification of colonies isolated from yogurts according to Gram positivity, catalase activity and 
cell morphology is given in Table 12. 
Table 12 Identification of colonies isolated from yogurts 
sample Colony agar Gram positivity 
Catalase 
activity Cell morphology 
Presumable  
species 
A1 10-5 MRS + - long rods L 
B1 10-5  MRS + - long rods L 1 Vitasnella 
C1 10-6 M17 + - coccus S 
A2 10-5  MRS + - long rods L 
B2 10-5  MRS + - long rods L 2 Malga Paradiso 
C2 10-6 M17 + - diplococcus S 
A3 10-4 MRS + - rods L 
B3 10-4  MRS + - rods L 3 Granarolo cremoso  
C3 10-4 M17 + - coccus in long or short chains S 
A4 10-6  MRS + - rods in short chains L 
B4 10-6 MRS + - rods L 4 Vivita 
C4 10-6 M17 + - small coccus in chains S 
A5 10-5 MRS + - long rods L 
B5 10-5  MRS + - long rods L 5 Sterzinger 
C5 10-6 M17 + - coccus in long chains S 
A6 10-6 MRS + - long rods L 6 Parmalat 
C6 10-7 M17 + - small coccus in chains S 
A7 10-6 MRS + - double rods or in short chains L 7 Yomo 
B7 10-6 MRS + - long rods L 
A8 10-4 MRS + - long rods L 
B8 10-4 MRS + - long rods L 8 Muller Mix 
C8 10-7 M17 + - Coccus elongated S 
A9 10-5 MRS + - long rods L 9 
Sterilgarda C9 10-5 M17 + - Coccus in chains S 
10 Nestle 
Fruttolo 
C10 10-4 M17 + - Coccus in long chains S 
A11 10-6 MRS + - rods in short chains L 
B11 10-6 MRS + - double rods L 11 Fitline Mevgal 
C11 10-8 M17 + - coccus in long chains S 
A12 10-5 MRS + - rods in chains L 
B12 10-5 MRS + - rods in chains L 12 Mevgal Extra 
C12 10-7 M17 + - coccus in chains S 
A13 10-6 MRS + - long rods L 
B13 10-6 MRS + - long rods L 
13 
Sveltesse 




sample Colony agar Gram positivity 
Catalase 
activity Cell morphology 
Presumable  
species 
A14 10-6 MRS + - long rods L 14 Fibrya 
YOMO C14 10-8 M17 + - big coccus in short chains S 
A16 10-4 MRS + - long rods L 
B16 10-4 MRS + - rods  L 16 Kyr 
C16 10-4 MRS + - small coccus in chains S 
A18 10-5 MRS + - long rods L 
B18 10-5 MRS + - long rods L 18 Urka! Mix 
C18 10-7 M17 + - big coccus in long chains S 
A19 10-4 MRS + - long rods L 
B19 10-4 MRS + - very long and slim rods L 
19 Exquisa 
Aloevera 
(drink) C19 10-6 M17 + - elongated double coccus  S 




C20 10-6 M17 + - Coccus in chains S 
A21 10-6 MRS + - long rods L 
B21 10-6 MRS + - long rods L 21 Linea Bianca 
C21 10-5 M17 + - small coccus in chains S 
A22 10-5 MRS + - long rods L 22 Malga 
Paradiso 
magro  
C22 10-6 M17 + - coccus in short chains S 
A23 10-6 MRS + - long rods L 23 Matese 
cremoso C23 10-6 M17 + - small coccus in long chains S 
A24 10-6 MRS + - long rods L 24 Matese 
magro C24 10-6 M17 + - small coccus in chains S 
L.....Lactobacillus 
S..... Streptococcus 
All tested strains were gram positive and catalase negative. The bacteria cultivated anaerobically on 
MRS agar were rod-shaped (Lactobacillus) and the colonies from M17 agar were coccus-shaped 
(Streptococcus). Rods from yogurts were supposed to be Lactobacillus delbrueckii subsp. 















4.2.2 Identification of colonies isolated from probiotic milk products 
Identification of colonies from probiotic milk products is given in Table 13.  
Table 13 Identification of colonies isolated from probiotic milk products 
samples colony agar Gram positivity 
Catalase 
activity Cell morphology 
Presumable 
species 
Ap1 10-5 MRS + - long rods L 
Bp1 10-5 MRS + - very short rods L 1 Vivita 
Cp1 10-7 M17 + - Coccus in chains S 
Ap2 10-4 MRS + - long rods L 
Bp2 10-4 MRS + - long rods L 2 Mila Benessere 
Cp2 10-6 M17 + - Coccus in chains S 
Ap3 10-5 MRS + - long rods L 
Bp3 10-5 MRS + - shorter rods L 3 LC1 
Nestlè Cp3 10-7 M17 + - small coccus in 
chains 
S 
Ap4 10-4 MRS + - very short rods L 




-4 M17 + - small coccus in 
chains 
S 
Ap5 10-7 MRS + - small rods L 
Bp5 10-7 MRS + - rods L 5 Actimel Danone 
Cp5 10-5 M17 + - coccus in chains S 
Ap6 10-6 MRS + - long rods L 6 Activia 
Danone Cp6 10-7 M17 + - coccus in chains S 
Ap7 10-6 MRS + - small rods L 




-7 M17 + - coccus in small 
chains 
S 
Ap8 10-5 MRS + - long rods L 
Bp8 10-5 MRS + - rods L 8 Kyr Parmalat 
Cp8 10-6 M17 + - coccus in chains S 
L.....Lactobacillus 
S..... Streptococcus 
All tested strains were gram positive and catalase negative. The strains cultivated anaerobically on 
MRS agar were rod-shaped (Lactobacillus) and the colonies from M17 agar were coccus-shaped 
(Streptococcus). The rods isolated from probiotic milk products were supposed to belong to 
Lactobacillus spp. and coccus were supposed to be Streptococcus thermophilus.  
Symbol “p” means probiotic milk product.  
4.2.3 Summary of identification of isolates of LAB in milk products 
Because of the characteristics described above and selective media used for isolation we presumed 
the growth of Streptococcus thermophilus on M17 agar and Lactobacillus delbrueckii subsp. 




 All bacteria from colonies on MRS agar were gram positive, catalase negative with cell 
morphology typical for Lactobacillus. All bacteria from colonies on M17 agar were gram positive, 
catalase negative with cell morphology typical for Streptococcus. 
4.2.4 Storage of colonies 
Isolated colonies were punctured into tubes with YLA and cultivated at 37°C. Tubes were stored in 
refrigerator after growth of cultures. There was success in cultivation only of 16 colonies of 
Lactobacillus (from 12 samples) and 17 colonies of Streptococcus (from 17 samples) from yogurt 
products. There was success in cultivation of all 8 colonies of Streptococcus from 8 probiotic milk 
products and 14 colonies of Lactobacillus from 8 probiotic milk products.  
4.3 Genetic characterization of Streptococcus thermophilus and 
Lactobacillus spp. isolated from milk products 
Colonies of Streptococcus thermophilus and Lactobacillus spp. isolated and identified from milk 
products (see 4.1 and 4.2) were used for DNA extraction and following RAPD analysis. 14 colonies 
of Lactobacillus (B1, A2, B2, B4, A5, A11, B11, A12, B13, A18, A19, A21, B21 and A22) from 11 
yogurt samples and14 colonies of Streptococcus (C5, C6, C8, C11, C12, C13, C14, C16, C18, C19, 
C20, C21, C23 and C24) from 14 yogurt samples were used for RAPD analysis. 
8 colonies of Streptococcus (Cp1, Cp2, Cp3, Cp4, Cp5, Cp6, Cp7 and Cp8) from 8 probiotic milk 
products samples and 14 colonies of Lactobacillus (Ap1, Bp1, Ap2, Bp2, Ap3, Bp3, Ap4, Bp4, 
Ap5, Bp5, Ap6, Ap7, Bp7 and Ap8) from 8 probiotic milk product´s samples were used fro RAPD 
analysis. Colonies of Streptococcus (C3, C4 and C10) were amplified together with Streptococcus 
from probiotic milk products and colonies of Lactobacillus (A1 and A3) were amplified together 
with Lactobacillus from probiotic milk products. 
4.3.1 RAPD analysis 
DNA extracted from colonies grown on MRS and M17 agar plates (see 3.4) was proofed for DNA 
quality and than used for RAPD analysis with 3 types of primers. After completion of RAPD 
reaction, the products were stored in 4°C and than the RAPD-PCR products were analyzed with 
agars gel electrophoresis. The DNA of Streptococcus thermophilus 679b (given by Dr. D. Ercolini) 
was used as a positive control for Streptococcus thermophilus. The DNA of Lb. bulgaricus 11B was 
used as a positive control for Lactobacillus bulgaricus. These DNA were isolated first and their 
quality was proofed. The sterile water was used as a negative control. The amount of RAPD product 
used for agarose gel electrophoresis was always 25µl. The first and the last runs in the gels are 
always 10 μl of 1kb ladder. 
4.3.2 Fingerprinting of Lactobacillus spp. isolated from yogurts 
Altogether 14 DNA isolated from 14 colonies (cultivable samples) isolated from 11 different 
yogurts were amplified using primers XD5, BOXA1R and primers REP 1 and 2. Preparation of 
RAPD mixtures and conditions of amplification are given in Table 6 and 7. RAPD products were 
detected by agarose gel electrophoresis (Fig.5-7).  
*Figure 5 Agarose gel electrophoresis of RAPD products from DNA of Lactobacillus spp. isolated from 14 
isolates was amplified using primer XD5  
Scheme of samples’ loading  






M 1 kb ladder   
1 B1 + A 
2 A2 + A 
3 B2 + B 
4 B4 + C 
5 A5 + D 
6 A11 + E 
7 B11 + F 
8 A12 + E 
9 B13 + D 
10 A18 + D 
11 A19 + D 
12 A21 + G 
13 B21 + H 
14 A22 + D 
16  positive control  + (+) 
17 negative control 0 - 
M 1 kb ladder   
+ RAPD product was detected 
0 RAPD product was not detected 
                                                 





Figure 6  Agarose gel electrophoresis of RAPD products from DNA of Lactobacillus spp. isolated from 14 
isolates was amplified using primer BOXA1R 
Scheme of samples’ loading 






M 1 kb ladder   
1 B1 + A 
2 A2 + A 
3 B2 + B 
4 B4 + C 
5 A5 + D 
6 A11 + E 
7 B11 + F 
8 A12 + E 
9 B13 + D 
10 A18 + D 
11 A19 + D 
12 A21 + G 
13 B21 + H 
14 A22 + D 
15  positive control  + (+) 
16 negative control 0 - 
M 1 kb ladder   
+ RAPD product was detected 





Figure 7 Agarose gel electrophoresis of RAPD products from DNA of Lactobacillus spp. isolated from 14 
isolates was amplified using primers REP 1 and REP 2   
Scheme of samples’ loading 






M 1 kb ladder   
1 B1 + A 
2 A2 + A 
3 B2 0 B 
4 B4 + C 
5 A5 + D 
6 A11 + E 
7 B11 + F 
8 A12 + E 
9 B13 + D 
10 A18 + D 
11 A19 + D 
12 A21 + G 
13 B21 0 H 
14 A22 + D 
15  positive control  + (+) 
16 negative control 0 - 
M 1 kb ladder   
+ RAPD product was detected 
0 RAPD product was not detected 
There were identified 8 different fingerprints from 14 isolates from 11 food samples of 




4.3.3 Fingerprinting of Streptococcus thermophilus isolated from yogurts 
Altogether 14 DNA isolated from 14 colonies (cultivable samples) isolated from 14 different 
yogurts were amplified by primers XD5, BOXA1R and primers REP 1 and REP 2. Preparation of 
RAPD mixtures and conditions of amplification are given in Table 6 and 7.RAPD products were 
detected by agarose gel electrophoresis (Fig. 8-10).  
 
Figure 8 Agarose gel electrophoresis of RAPD products from DNA from Streptococcus thermophilus 
isolated from 14 isolates amplified using primer XD5  
Scheme of samples’ loading 






M 1 kb ladder   
1 C5 + A 
2 C6 + B 
3 C8 0  
4 C11 + C 
5 C12 + C 
6 C13 + C 
7 C14 + C 
8 C16 + C 
9 C18 + D 
10 C19 + C 
11 C20 + C 
12 C21 0  
13 C23 + E 
14 C24 + E 
15  positive control  + (+) 
16 negative control 0 - 
M 1 kb ladder   
+ RAPD product was detected 





Figure 9 Agarose gel electrophoresis of RAPD products from DNA from Streptococcus 
thermophilus isolated from 14 isolates amplified using primer BOXA1R 
Scheme of samples’ loading 






M 1 kb ladder   
1 C5 + A 
2 C6 + B 
3 C8 + C 
4 C11 + C 
5 C12 + C 
6 C13 + C 
7 C14 + C 
8 C16 + C 
9 C18 + D 
10 C19 + C 
11 C20 + C 
12 C21 + C 
13 C23 + C 
14 C24 + C 
15  positive control  
+ (+) 
16 negative control 
0 - 
M 1 kb ladder   
+ RAPD product was detected 





Figure 9 Agarose gel electrophoresis of RAPD products from DNA from Streptococcus 
thermophilus isolated from 14 isolates amplified using primers REP1 and REP2 
Scheme of samples’ loading 






M 1 kb ladder   
1 C5 + A 
2 C6 + B 
3 C8 + C 
4 C11 + C 
5 C12 + C 
6 C13 + C 
7 C14 + D 
8 C16 + C 
9 C18 + C 
10 C19 + D 
11 C20 + C 
12 C21 + C 
13 C23 + C 
14 C24 + C 
15  positive control  + (+) 
16 negative control 0 - 
M 1 kb ladder   
+ RAPD product was detected 
0 RAPD product was not detected 
There were identified 5, 4 and 4 different fingerprints from 14 isolates from 14 tested samples of 







4.3.4 Diversity among isolates from yogurts 
DNA isolated from colonies of Streptococcus thermophilus and colonies of Lactobacillus spp. from 
yogurt samples was analysed by RAPD-PCR. The samples of DNA were amplified by three various 
primers (see above) and then were the fingerprints confronted with each other. The different 
profiles are described by different letters and shown in Table 14 below. 
Table 14 Summary of fingerprints detected 
RAPD primer/fingerprint Sample Isolate 
XD5 BOXA1R REP1,2 
A1 L - Ia Ia
B1 L A A A 1 Vitasnella 
C1 S    
A2 L  A A A 
B2 L  B B B 2 Malga Paradiso 
C2 S    
A3 L - Ja Ja
B3 L     3 Granarolo cremoso  
C3 S Cb Cb Cb
A4 L     
B4 L C C C 4 Vivita 
C4 S Cb Cb Cb
A5 L D D D 
B5 L     5 Sterzinger 
C5 S A A A 
A6 L    6 Parmalat 
C6 S B B B 
A7 L    7 Yomo 
B7 L    
A8 L    
B8 L    8 Muller Mix 
C8 S  C C 
A9 L    9 
Sterilgarda C9 S    
10 Nestle 
Fruttolo 
C10 S Cb Cb Cb
A11 L E E E 
B11 L F F F 11 Fitline Mevgal 
C11 S C C C 
A12 L E E E 
B12 L    12 Mevgal Extra 
C12 S C C C 
A13 10-6    
B13 10-6 D D D 
13 
Sveltesse 
Nestlè C13 10-7 C C C 
                                                 
a These types of fingerprints were taken from Fig. 14 and 15 (see later) 




RAPD primer/fingerprint Sample Isolate 
XD5 BOXA1R REP1,2 
A14 L    14 Fibrya 
YOMO C14 S C C D 
15 Ricotta -    
A16 L    
B16 L    16 Kyr 
C16 S C C C 
17 Valsoia 
- Yosoi 
-    
A18 L D D D 
B18 L    18 Urka! Mix 
C18 S D D C 
A19 L D D D 
B19 L    
19 Exquisa 
Aloevera 
(drink) C19 S C C D 




C20 S C C C 
A21 L G G G 
B21 L H H H 21 Linea Bianca 
C21 S  C C 
A22 L D D D 22 Malga 
Paradiso 
magro  
C22 S    
A23 L    23 Matese 
cremoso C23 S E C C 
A24 L    24 Matese 
magro C24 S E C C 
L.... Lactobacillus 
S..... Streptococcus 
Lactobacillus was presumed to be Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus 
was presumed to be Streptococcus thermophilus in yogurt samples because they are typical starter 
cultures for yogurt.                                                                                                                                                    
4.3.4.1 Fingerprints of Lactobacillus delbrueckii subsp. bulgaricus in yogurt 
samples 
There were discovered 10 different fingerprints (A-J) among isolates corresponding to 10 different 
strains of Lactobacillus delbrueckii subsp. bulgaricus. The letters (A-H) correspond to each profile 
on the images from electrophoresis (Fig. 4-5).The letters I and J correspond to profiles which were 
taken from Fig. 13, 14 and 15 (see later). The results are given in Table 15. The identity is given in 
percentage.  
100%....... fingerprint was given by all the primers 
66,6%...... fingerprint was given by two primers  




Table 15 Type of fingerprints detected in yogurt isolates of Lactobacillus 
Fingerprint Yogurt´s isolate Producer Identity (%) Type of primer 
B1 Vitasnella Danone 100 All three primers A 
A2 Malga Paradiso Malga Paradiso 100 All three primers 
B B2 Malga Paradiso Malaga Paradiso 100 All three primers 
C B4 Vivita Stuffer 100 All three primers 
A5 Sterzinger Latteria Vipiteno 100 All three primers 
B13 Sveltesse Nestlé 100 All three primers 
A18 Urka Mix Trentinalatte 100 All three primers 
A19 Exquisa Exquisa Italia 100 All three primers 
D 
A22 Malga Paradiso  Malga Paradiso 100 All three primers 
A11 Fitline Mevgal Mevgal 100 All three primers E 
A12 Extra Mevgal Mevgal 100 All three primers 
F B11 Fitline Mevgal Mevgal 100 All three primers 
G A21 Linea Bianca Linea Bianca 100 All three primers 
H B21 Linea Bianca Linea Bianca 100 All three primers 
I A1 Vitasnellac Danone 66,6 BOXA1R; REP1,2 


























                                                 




4.3.4.2 Fingerprints of Streptococcus thermophilus in yogurt samples: 
There were identified 5 different profiles of Streptococcus thermophilus by amplification with 
primer XD5. Using other two primers (primer BOA1R and primers REP1 and REP2) only 4 
different profiles were discovered. Different profiles correspond to different strains. The letters (A-
E) correspond to each profile on the images from electrophoresis (Fig. 7-9). The results are given in 
Table 16. The identity is given in percentage. 
100%....... fingerprint was given by all the primers 
66,6%...... fingerprint was given by two primers  
33,3%...... fingerprint was given by one primer 
Table 16 Type of fingerprints detected in yogurt isolates of Streptococcus thermophilus 
Fingerprint Yogurt´s isolate Producer Identity (%) Type of primer 
A C5 Sterzinger Latteria Vipiteno 100 All three primers 
B C6 Parmalat Parmalat 100 All three primers 
C11 Fitline Mevgal Mevgal 100 All three primers 
C12 Extra Mevgal Mevgal 100 All three primers 
C13 Sveltesse Nestlé 100 All three primers 
C14 Fibrya Granarolo 100 All three primers 
C16 Kyr Parmalat 100 All three primers 
C18 Urka Mix Trentinalatte 33,3 REP1, 2 
C19 Exquisa Exquisa Italia 100 All three primers 
C20 Naturella EI srl. 100 All three primers 
C23 Matese cremoso Newlat 66,6 BOXA1R;REP1,2
C24 Matese magro Newlat 66,6 BOXA1R;REP1,2
C3 Granarolod Granarolo 100 All three primers 
C4 Vivitad Stuffer 100 All three primers 
C 
C10 Fruttolod Nestlé 100 All three primers 
D C18 Urka Mix Trentinalatte 66,6 XD5, BOXA1R 
C23 Matese cremoso Newlat 33,3 XD5 E 
C24 Matese magro Newlat 33,3 XD5 
  
There were identified 10 different fingerprints of Lactobacillus delbrueckii subsp. bulgaricus and 5 
different strains of Streptococcus thermophilus in yogurts. 
4.3.5 Fingerprinting of Streptococcus thermophilus isolated from probiotic milk 
products 
8 DNA isolated from colonies of 8 food samples were used for RAPD. The RAPD products were 
obtained by amplification with primer XD5, BOXA1R and primers REP 1 and REP 2 and were 
detected by agarose gel electrophoresis (Fig.11-13).  
                                                 
d These samples were analysed together with isolates of Streptococcus thermophilus from probiotic milk products 
(Fig.11-13) 
Three samples of yogurt were analysed together with probiotic milk product’s samples. The run 9, 
10, 11 belong to Streptococcus thermophilus from the yogurt samples and are denoted by cursive. 
 
 
Figure 11 Agarose gel electrophoresis of RAPD products from DNA from Streptococcus 
thermophilus isolated from 11 isolates amplified using primer XD5 
Scheme of samples’ loading 






M 1 kb ladder   
1 Cp1 + A 
2 Cp2 + A 
3 Cp3 + A 
4 Cp4 + B 
5 Cp5 + C 
6 Cp6 + D 
7 Cp7 + A 
8 Cp8 + A 
9 C3 + C 
10 C4 + C 
11 C10 + C 
12 positive control + (+) 
13 negative control 0 - 
M 1 kb ladder   
+ RAPD product was detected 





Figure 12 Agarose gel electrophoresis of RAPD products from DNA from Streptococcus 
thermophilus isolated from 11 isolates amplified using primer BOXA1R  
Scheme of samples’ loading 






M 1 kb ladder   
1 Cp1 + A 
2 Cp2 + A 
3 Cp3 + A 
4 Cp4 + B 
5 Cp5 + C 
6 Cp6 + D 
7 Cp7 + A 
8 Cp8 + A 
9 C3 + C 
10 C4 + C 
11 C10 + C 
12 positive control + (+) 
13 negative control 0 - 
M 1 kb ladder   
+ RAPD product was detected 






Figure 13 Agarose gel electrophoresis of RAPD products from DNA from Streptococcus 
thermophilus isolated from 11 isolates amplified using primers REP1 and REP2  
Scheme of samples’ loading 






M 1 kb ladder   
1 Cp1 + A 
2 Cp2 + A 
3 Cp3 + A 
4 Cp4 + B 
5 Cp5 + C 
6 Cp6 + D 
7 Cp7 + A 
8 Cp8 + A 
9 C3 + C 
10 C4 + C 
11 C10 + C 
12 positive control + (+) 
13 negative control 0 - 
M 1 kb ladder   
+ RAPD product was detected 
0 RAPD product was not detected 
There were identified 4 different fingerprints from 8 samples of Streptococcus thermophilus from 




4.3.6 Fingerprinting of Lactobacillus isolated from probiotic milk products 
There were always taken two colonies from each sample and One cultivable colonie was used for 
DNA extraction. Altogether 14 DNA isolated from 8 different food samples were analysed. The 
RAPD products were obtained by amplification with primer XD5, BOXA1R and primers REP 1 
and REP 2 and were detected by agarose gel electrophoresis (Fig. 14-16).  
Two samples from yogurt were analysed together with probiotic milk products. The run 15 and 16 
belong to Lactobacillus delbrueckii subsp. bulgaricus from the yogurt samples and are denoted by 
cursive. 
 
Figure 14 Agarose gel electrophoresis of RAPD products from DNA from Lactobacillus isolated 












Scheme of samples’ loading 






M 1 kb ladder   
1 Ap1 + A 
2 Bp1 + B 
3 Ap2 + C 
4 Bp2 0  
5 Ap3 + A 
6 Bp3 + A 
7 Ap4 0  
8 Bp4 +  
9 Ap5 + E 
10 Bp5 + E 
11 Ap6 0  
12 Ap7 + G 
13 Bp7 + G 
14 Ap8 + H 
15 A1 0  
16 A3 0  
17  positive control  + (+) 
18 negative control 0 - 
M 1 kb ladder   
+ RAPD product was detected 
0 RAPD product was not detected 
 
Figure 15 Agarose gel electrophoresis of RAPD products from DNA from Lactobacillus isolated 




Scheme of samples’ loading 






M 1 kb ladder   
1 Ap1 + A 
2 Bp1 + B 
3 Ap2 + C 
4 Bp2 + C 
5 Ap3 + A 
6 Bp3 + C 
7 Ap4 0  
8 Bp4 + D 
9 Ap5 + E 
10 Bp5 + E 
11 Ap6 + F 
12 Ap7 + G 
13 Bp7 + G 
14 Ap8 + H 
15 A1 + I 
16 A3 + J 
17  positive control  + (+) 
18 negative control 0 - 
M 1 kb ladder   
+ RAPD product was detected 
0 RAPD product was not detected 
 
Figure 16 Agarose gel electrophoresis of RAPD products from DNA from Lactobacillus isolated 

















M 1 kb ladder   
1 Ap1 + A 
2 Bp1 + B 
3 Ap2 + C 
4 Bp2 + C 
5 Ap3 + A 
6 Bp3 + C 
7 Ap4 + D 
8 Bp4 + D 
9 Ap5 + E 
10 Bp5 + E 
11 Ap6 + F 
12 Ap7 + G 
13 Bp7 + G 
14 Ap8 + H 
15 A1 + I 
16 A3 + J 
17  positive control  
+ (+) 
18 negative control 
0 - 
M 1 kb ladder   
+ RAPD product was detected 
0 RAPD product was not detected 












4.3.7 Diversity among isolates from probiotic milk products 
DNA isolated from colonies of Streptococcus thermophilus and colonies of Lactobacillus spp. from 
probiotic milk products´ samples was analysed by RAPD-PCR. The samples of DNA were 
amplified by three various primers (see above) and confronted with each other. The different 
profiles are described by different letters and shown in table 17 below. 
Table 17 Summary of fingerprints detected 
RAPD/Fingerprint Sample strain 
XD5 BOXA1R REP1,2 
Ap1 L A A A 
Bp1 L B B B 1 Vivita 
Cp1 S A A A 
Ap2 L C C C 
Bp2 L  C C 2 Mila Benessere 
Cp2 S A A A 
Ap3 L A A A 
Bp3 L A C C 3 LC1 Nestlè 
Cp3 S A A A 
Ap4 L   D 
Bp4 L  D D 
4 
Naturella 
Rinforzo Cp4 S B B B 
Ap5 L E E E 
Bp5 L E E E 5 Actimel Danone 
Cp5 S C C C 
Ap6 L  F F 6 Activia 
Danone Cp6 S D D D 
Ap7 L G G G 
Bp7 L G G G 
7 Fruttolo 
activ 
Nestlè Cp7 S A A A 
Ap8 L H H H 
Bp8 L    8 Kyr Parmalat 
Cp8 S A A A 
4.3.7.1 Fingerprints of Streptococcus thermophilus in probiotic milk products: 
There were discovered 4 different fingerprints among isolates corresponding to probably 4 different 
strains of Streptococcus thermophilus. The letters (A-D) correspond to each profile on the images of 
fingerprint from electrophoresis (Fig.10-12). The results are given in Table 18. The identity is given 
in percentage.  
100%....... fingerprint was given by all the primers 
66,6%...... fingerprint was given by two primers  






Table 18 Type of fingerprints detected in probiotic milk products isolates of Streptococcus 
thermophilus 
Fingerprint Yogurt´s isolate Producer Identity (%) Type of primer 
Cp1 Vivita Stuffer 100 All three primers 
Cp2 Mila Mila S.A.C. 100 All three primers 
Cp3 LC1 Nestlé 100 All three primers 
Cp7 Fruttolo Nestlé 100 All three primers 
A 
Cp8 Kyr Parmalat 100 All three primers 
B Cp4 Naturella EI Srl. 100 All three primers 
C Cp5 Actimel Danone 100 All three primers 
D Cp6 Activia Danone 100 All three primers 
 
4.3.7.2 Fingerprints of species of Lactobacillus in probiotic milk products: 
There were discovered 8 different fingerprints among isolates corresponding to 8 different strains of 
species Lactobacillus. The letters (A-H) correspond to each profile on the images from 
electrophoresis (Fig. 13-15). The results are given in Table 19. The identity is given in percentage.  
100%....... fingerprint was given by all the primers 
66,6%...... fingerprint was given by two primers  
33,3%...... fingerprint was given by one primer 
 
Table19 Type of fingerprints detected in probiotic milk products isolates of Lactobacillus spp. 
Fingerprint Yogurt´s isolate Producer Identity (%) Type of primer 
Ap1 Vivita Stuffer 100 All three primers 
Ap3 LC1 Nestlé 100 All three primers A 
Bp3 LC1 Nestlé 33,3 XD5 
B Bp1 Vivita Stuffer 100 All three primers 
Ap2 Mila Mila S.A.C 100 All three primers 
Bp2 Mila Mila S.A.C. 100 All three primers C 
Bp3 LC1 Nestlé 66,6 BOXA1R;REP1,2
Ap4 Naturella EI Srl. 100 All three primers D 
Bp4 Naturella EI Srl. 100 All three primers 
Ap5 Actimel Danone 100 All three primers E 
Bp5 Actimel Danone 100 All three primers 
F Ap6 Activia Danone 100 All three primers 
Ap7 Fruttolo Nestlé 100 All three primers G 
Bp7 Fruttolo Nestlé 100 All three primers 
H Ap8 Kyr Parmalat 100 All three primers 
There were identified 4 different strains of Streptococcus thermophilus and 8 different strains of 





Yogurt has traditionally been considered a probiotic-carrier food with health-promoting effects. In 
this research we examined the viability of LAB on agar plates. We employed the RAPD technique 
to look for genetic variations of yogurt starters (Streptococcus thermophilus and Lactobacillus 
delbrueckii subsp. bulgaricus) and other probiotic bacteria and also for utilization of the same 
strains between different companies. 
5.1 Enumeration of bacteria 
Viability of probiotic bacteria in tested milk products was assessed by enumeration of colony 
forming units on MRS and M17 agar. All tested isolates were incubated according to The 
International Dairy Federation (IDF bulletin, 1983) on the MRS agar (Lactobacillus) and M17 agar 
(Streptococcus thermophilus) for 48 hours and enumerated. Lactobacillus spp. and Streptococcus 
thermophilus are supposed to be in fermented milk products. They were cultivated under aerobic 
(Streptococcus thermophilus) or anaerobic (Lactobacillus) conditions at 45°C. I examined 24 
samples of yogurt and 8 samples of probiotic milk products.   
The lactic acid bacteria supposed to be in fermented milk products are listed in Table 20.  
Table 20 
Species Origin 
Lactobacillus delbrueckii subsp. bulgaricus yogurt, probiotic milk product 
Streptococcus thermophilus yogurt, probiotic milk product 
Lactobacillus casei imunitas* probiotic milk product 
Lactobacillus paracasei fortis TM* probiotic milk product 
Lactobacillus acidophilus probiotic milk product 
Lactobacillus johnsonií LA1* probiotic milk product 
* commercial mark of strain 
5.1.1 Yogurt samples 
Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus are typical starter 
cultures for yogurt and therefore Lactobacillus spp. is presumed to be Lactobacillus delbrueckii 
subsp. bulgaricus in the samples.  
Most of the samples were discovered to contain yogurt bacteria according to legislature (min.107 
cfu/ml). However some of them did not contain enough of starter bacteria (see Table 11). Sample 7 
Yomo did not contain any Streptococcus thermophilus and sample 9 Sterilgarda and 16 Kyr 
contained only lower counts of Streptococcus thermophilus. Sample 18 Urka Mix contained lower 
counts of Lactobacillus delbrueckii subsp. bulgaricus. Some other exceptions were just mentioned 
before. 








Yogurt samples included also some yogurt’s drinks. Sample 10 and 15 were bought by mistake. 
Sample 10 Fruttolo from Nestlé is a special type of cheese and it contained only Streptococcus 
thermophilus (see Table 12). Sample 15 Ricotta is a curd’s product and did not contain any bacteria. 
This was in accordance with my results. No bacteria cells were cultivated on tested media. Sample 
17 Valsoia is a soya yogurt but according to its label it should contain yogurt starter cultures. It was 
discovered that in the product did not survive any microorganism. That means that the quality of 
this product does not correspond to IDF because the counts of bacteria should be enough hight 
during all storage time of product.  
Sample 14 Fibrya Yomo originate from the same company as the sample 7 and contained enough of 
Lactobacillus. Amount of Streptococcus could be considered as above standard. It could be a 
question of content of fibre which is used by microorganisms in the product. This should be an 
object to the next studies.  
In the sample 15, which did not contain bacteria, no bacteria were detected. It was good control of 
work flow used. 
Content of moulds on maltose agar in samples 5, 7, 8 according to my opinion is a result of random 
contamination from atmosphere. 
5.1.2 Probiotic milk product’s samples 
All samples contained Streptococcus thermophilus growing on M17 agar in sufficient amount. Five 
of them (sample 3, 4, 5, 6, and 7) contained significantly higher viable counts about 109cfu/ml. 
Lactobacilli on MRS agar were proved in all samples but sample 2 and 3 contained lower amount 
than is supposed to according to legislation (less than 107cfu/ml). It was not confirmed that all 
species of genera Lactobacillus expected to be in the products grow on MRS agar in the same 
conditions as well as Lactobacillus delbrueckii subsp. bulgaricus (Tharmaraj and Shah, 2003). 
Probiotic milk products did not contain significantly higher viable counts on MRS agar than yogurt 
samples.   
Probiotic milk products should contain other probiotic microorganisms besides the yogurt bacteria. 
The Codex Standard for Fermented Milks require the minimum of 106cfu/ml for special bacteria 
others than the normal yogurt starter cultures. In this study we ascertained only total quantities of 
bacteria on MRS and M17 agar without differentiation between different genera or species. It was 
expected that on the MRS agar grow probiotic bacteria from genera Lactobacillus and on M17 agar 
grow Streptococcus thermophilus. We applied the same growth conditions as well as for yogurt’s 
samples. Some of the samples should contain Bifidobacterium spp. but because they live only under 
strictly anaerobic conditions, which we could not provide, I did not explore them. 
5.2 Identification of isolates 
All isolates were proved to be gram positive. They were proved by catalase reaction and by 
observation of cell morphology in microscope. All isolates from MRS agar were rod-shaped as 
expected for Lactobacillus and from M17 agar coccus-shaped as Streptococcus thermophilus.  
There were problems with storage of bacteria cells. The bacteria from single colony were incubated 
in YLA tubes at appropriate temperature and conserved in refrigerator. However, many of them 




Streptococcus did not grow as well. The growth was tested several times at two different 
temperatures (37 or 45°C). I found out that 37°C is preferable.  
There were two colonies from MRS agar almost permanently isolated to secure the survival of at 
least one of them but many times only one isolate survived and was used for DNA extraction and 
RAPD analysis and sometimes none (see in Table 14). There could be suspicion for the presence of 
bacteriophages within cells (Jarvis, 1989). They could also belong among “viable but not cultivable 
bacteria” (VBNC) which is known in many bacteria (Millet and Lonvaud-Funel, 2000). It was 
ascertain that yogurt bacteria grow better when the inoculum is bigger but this could not be reach 
with isolation of colonies.  
5.3 Fingerprinting analyses 
Due to the problems with storage of colonies and their subsequent cultivation only 17 colonies of 
Streptococcus thermophilus (include 3 colonies isolated with probiotic milk products) and 16 
colonies of Lactobacillus (include 2 colonies isolated with probiotic milk products) isolated from 
different yogurts were used for genetic characterization. Fingerprinting analysis was performed with 
bacteria isolated from yogurts and probiotic milk products.  
5.3.1 Bacteria isolated from yogurts 
I found out different fingerprints of yogurt bacteria used in manufacture by different companies. 
There were much more differences between Lactobacillus spp. isolated from different yogurts than 
between Streptococcus thermophilus. 
In sum it was discovered 10 different strains of Lactobacillus spp. from 16 isolated colonies which 
were able to grow in liquid media (see Table 15). The letters in bars correspond to each profile on 
the images from electrophoresis. The profiles I and J from yogurts were analyzed together with 
probiotic milk products and then were compared with the rest of profiles from yogurt samples. It 
can be seen on the photos (Fig. 13, 14, 15) that not all RAPD products from these samples were of 
high quality. 
Seven isolates had the unique profile namely A1 Vitasnella (profile I), B2 Malga Paradiso (profile 
B), A3 Granarollo (profile J), B4 Vivita (profile C), B11 Fitline Mevgal (profile F), A21 Linea 
Bianca (profile G), B21 Linea Bianca (profile H).  The other isolates had the same profile common 
with some other isolates. B1 Vitasnella and A2 Malga Paradiso had the same profile A. A5 
Sterzinger, B13 Sveltesse, A18 UrkaMix, A19 Exquisa and A22 Malga Paradiso had all profile D. 
A11 Fitline Mevgal and A12 Extra Mevgal had the same profile E which could be expected because 
of the same provenance.  
Identified were 5 different profiles of Streptococcus thermophilus by amplification with primer 
XD5. Doing other two analyses (by primer BOA1R and primers REP1 and REP2) it was discovered 
only 3 different profiles. The ten next isolates had all the same profile C in all three amplifications, 
C11 Fitline Mevgal, C12 Extra Mevgal, C13 Sveltesse, C14 Fibrya, C16 Kyr, C19 Exquisa, C20 
Naturella, C3 Granarolo, C4 Vivita and C10 Fruttolo. C3 Granarolo, C4 Vivita and C10 Fruttolo 
were analyzed together with probiotic samples and then were confronted with the rest of profiles 
from yogurt samples (see laber). The samples C18 Urka Mix, C23 Matese cremoso and C24 Matese 
magro had this profile C in analysis with primer XD5 and primer BOXA1R. The sample C18 Urka 




cremoso and C24 Matese magro had profile E with primers REP1 and REP2. The sample C5 
Sterzinger had the unique profile A and the sample C6 Parmalat had the profile B.  
The primer XD5 could be considered as more suitable for RAPD analysis of Streptococcus 
thermophilus because it distinguished more profiles. There were no significant differences between 
primers need in RAPD analysis of Lactobacillus spp. 
5.3.2 Bacteria isolated from probiotic milk products 
As in yogurt samples there were found out more variations between the Lactobacillus than between 
Streptococcus isolated from probiotic milk products.  
I discovered 4 different profiles of Streptococcus thermophilus from all 8 tested probiotic milk 
products. The samples Cp1 Vivita, Cp2 Mila, Cp3 LC1, Cp7 Fruttolo and Cp8 Kyr had the same 
profile A. The sample Cp4 Naturella had the unique profile B,  Cp5 Actimel had profile C and 
sample Cp6 Activia had the unique profile D. 
There were always isolated 2 colonies of Lactobacilli from each product and tested in RAPD. In 
sum there were 8 different profiles detected from 14 fingerprints. The primer XD5 was less suitable 
for RAPD analysis as BOXA1R and REP 1, 2 (6 samples did not amplify). The samples Ap1 Vivita 
and Ap3 LC1 Nestlé had the same profile A. Bp3 LC1Nestlé had also profile A when amplified by 
primer XD5. It had the profile C after amplification with primers BOXA1R and REP1, 2. The 
profile C was detected also by samples Ap2 Mila and Bp2 Mila. The samples Ap4 Naturella and 
Bp4 Naturella had the profile D and the samples Ap5 Actimel and Bp5 Actimel had the profile E 
and the samples Ap7 Fruttolo and Bp7 Fruttolo had the profile G. Three next samples had the 
unique profiles named Bp1 Vivita (profile B), Ap6 Activia (profile F), Ap8 Kyr (profile H).  
Species diversity in samples 
The two isolates from sample 1Vivita isolated from MRS agar were well distinguished with 
microscope observation (see Table 11) and also with RAPD analyses (see Table 17). The long rods 
of isolate Ap1 are supposed to be Lb. delbrueckii subsp. bulgaricus and the short rods Bp1 are 
supposed to be Lactobacillus acidophilus LA1 which was detected to be in product. The other Ap 
and Bp isolates from probiotic milk products were not distinguished clearly. Probably sample 3 
LC1 Nestlé was also managed to differentiate in Lb. delbrueckii subsp. bulgaricus (Ap3) and Lb. 
johnsonii LA1 (Bp3). The rest of isolates as written above were not succeeded to differentiate into 






Many types of yogurt have been developed and are commercially available in the market in whole 
Europe because of its known beneficial support to health. Many bacterial strains used in yogurt 
production have been selected as probiotics in recent years.  In this study realized in Department of 
Food Science at the University of Naples Federico II in Italy we examined the viability of the 
probiotic cells in yogurts and probiotic milk products from commercial sources during refrigerated 
storage and their counts according to legislature. The MRS and M17 agar were used as the standard 
media for differential enumeration of yogurt species Lactobacillus delbrueckii subsp. bulgaricus 
and S. thermophilus respectively (accepted by IDF) and for probiotic Lactobacillus species. The 
possibility of influencing the composition of the intestinal flora by consuming probiotic bacteria 
partly depends on the dose level. It is generally recognised that 108–109 bacteria are necessary at the 
time of consumption (Speck, 1978). Therefore, the probiotic culture must remain viable in the food 
carrier up to consumption. Most of milk products tested in this thesis contained viable counts 
corresponded to minimum required level of 1x107 cfu/ml. However, there were found one product 
which did not assay viable bacteria or some products which contained only its fewer amounts. This 
holds mainly for some conventional yogurts. Probiotic milk products basically showed larger 
amount of enumerated bacteria then yogurts as they are required to contain minimum of 
1x106cfu/ml of specific microorganisms others than normal starter cultures.  
The lactic acid bacteria found in products were confirmed to be all Gram-positive and catalase-
negative and grow under microaerophilic conditions. The bacteria from M17 agar were coccus- 
shaped and are supposed to belong to species Streptococcus thermophilus and bacteria from MRS 
were rod-shaped and are presumed to belong to Lactobacillus spp. Lactobacillus delbrueckii subsp. 
bulgaricus is traditionally used for yogurt manufacture and therefore is expected to be in most of 
the products.   
We were also looking for genetic variations between strains used by different companies in their 
products. Randomly amplified polymorphic DNA analysis has been used to estimate the diversity 
of Lactobacillus and Streptococcus thermophilus strains. We performed three RAPD analyses for 
every isolate each by different primer (XD5, BOXA1R, REP1, 2). We found out relatively rich 
variations among strains of Lactobacillus delbrueckii subsp. bulgaricus used not only between 
different companies but also by single company (e.g. Malga Paradiso and Mevgal).  
We analyzed probiotics under the same conditions as well. The differentiation between species of 
genera Lactobacilli from probiotic milk products was not as fair as we expected. Ii was possible to 
distinguish different fingerprints into studied two species only isolates from product of mark Vivita 
and from mark Nestlé. The other probiotic samples which were expected to contain two or more 
species of Lactobacilli were not managed to differentiate. The reason could be that these bacteria 
were not distinguished from MRS agar by visual and microscope observation or that probiotic 
bacteria other than starter Lactobacillus delbrueckii subsp. bulgaricus did not survive into the final 
product during storage. Klein et al.  (1998) recently observed that the identity of most of the 
lactobacilli used as probiotics differs from that marked on the packaging. 
In conclusion, analysis of bacteria in fermented milk products is very complicated. RAPD analysis 
is a rapid and cheap method for analysis of strains but it requires more careful optimization to 






CAC   Codex Alimentarius Commission 
CFU   colony forming units 
FAO   Food and Agriculture Organisation 
GIT  gastrointestinal tract 
GRAS  Generally Recognize As Safe 
LAB  lactic acid bacteria 
PCR   polymerase chain reaction 
RAPD   random amplified polymorphic DNA 
TBE   tris/borate/EDTA 
TE   ris EDTA 
VBNC  viable but not cultivable 
WHO   World Health Organisation 
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